
To: Argyropoulos, Paui[Argyropoulos.Paul@epa.gov]; Lie, Sharyn[Lie.Sharyn@epa.gov]; 
Korotney, David[korotney.david@epa.gov] 
Cc: David DeRamus[david.deramus@bateswhite.com]; 
marc.chupka@brattle.com[marc.chupka@brattle.com]; Lindsay Fitzgerald[lfitzgerald@biodiesel.org]; 
Anne Steckel[asteckel@biodiesel.org]; aweber@marciv.com[aweber@marciv.com] 
From: Larry Schafer 
Sent: Thur 2/27/2014 10:41 :31 PM 
Subject: Biodiesel Carbon Analysis Support Files 
DESCRIPTION of Carbon Analysis Support Files Jan 2014.docx 
ATI00001.txt 
Jacobsen Feedstock Prices 2011 to 2013.xlsx 
Overview of WAEES Model. pdf 
Reassessment of life cycle greenhouse gas emissions for soybean biodiesel (4).pdf 
dgd-sum-120112.pdf ) 
d1-1 5biodieselprofitability.xlsx ~ 0 t-J <>t\ C-L (pub 1 1· c_ dPC4-~ 
201 0-3851.pdf \--"(-
Biodiesel GHG Summarv.xlsx 
2014.01 .15 FINAL VERSION OF CALCULATIONS.xlsx 
15day-cornoil-bd-sum-0221 12.pdf 
EIA Biodiesel Production Report Oct 2013 Data copy.pdf 

Paul, Sharyn , David: 

It was great meeting you and the rest of the EPA team last week. As discussed. attached are the support 
fi les for our analysis; apologies for the large size, but some of the PDFs are a bit big, and 1 thought you 
would find it helpful to have them all in one place. The shortcut/summary of our calculations is 
"2014.01 .15 Final version of calculations.xls". Feel free to call if you have any questions or want to 
discuss further. 

If you have questions or comments, then please let me know. 

Thanks 

Larry Schafer 
National Biodiesel Board 
0 : 202.737.8801 
M: 202 .997.8072 
LSchafer@Biodiesel.org 

Biodiesel - America's Advanced Biofuel! 
www .americasadvancedbiofuel.com 

1331 Pennsylvania Ave. NW 
Suite 505 
Washington DC 20004 
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Carbon Analysis Support Files 

Greenhouse Gas Emissions. These files provide the background support data that 
were utilized to calculate GHG reductions from various feedstock pathways (relative 
to petroleum diesel). The EPA final rule was the basis for most calculations. "Best 
available data" calculations included more recent work by USDA/University of Idaho, 
the CARB distillers corn oil pathway, and the CARB renewable diesel pathway. Files 
include the following: 

• 2010-3851.pdf 
• Reassessment of life cycle greenhouse gas emissions for soybean.pdf 
• 15day-cornoil-bd-sum-022112.pdf 
• dgd-sum-120112.pdf 
• Biodiesel GHG Summary.xls. 

Feedstock Ullization and Pricing. These files document the feedstocks utilized to 
produce biodiesel in the United States. The information from U.S. DOE-EIA is for the 
domestic biodiesel industry. There is no public information for feedstock utilization 
by renewable diesel producers. However, industry stakeholders provided input that 
only three (3) types of feedstock are currently utilized; animal fats, yellow grease, 
and distillers corn oil. Feedstock pricing information is from The Jacobsen, a fee 
based subscription service. Files include the following: 

• EIA Biodiesel Production Report Oct 2013 Data copy. pdf 
• Jacobsen Feedstock Prices 2011 to 2013 

Biodiesel Production Costs. These files include the 3'd party production cost model 
from Iowa State University and a summary of both the GHG and cost calculations 
prepared by Bates White. In addition, an overview of the WAEES model utilized to 
forecast two scenarios in 2014 is available. Files include the following: 

• D1-15biodiesel profitability.xlsx 
• 2014.01.15 FINAL VERSION OF CALCULATIONS.xlsx 
• Overview of WAEES Model. Pdf 
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Bleachable 
Soybean Fancy Choice Stabiliazed 

Oil (Illinois) Canola Oil - Tallow- White Yellow Poultry Fat Distiller's 
crude/degu RBD Renderer Grease Grease (Delmarva Corn Oil 

mmed (Chicago) (Chicago) (Chicago) (Illinois) delivered) (II:) 

2011Jan 53.771 60.746 47.150 43.625 39.575 37.438 

Feb 54.137 61.032 47.513 45.974 41 .395 43.645 

Mar 53.965 61.055 49.522 49.478 45.674 47.152 

Apr 56.639 63.171 51.588 50.850 46.300 48.375 

May 56.080 62.239 52.476 51.429 46.482 48.524 

Jun 55.729 61.626 54.048 52.546 47.028 45.227 

Jul 55.262 62.262 53.800 52.663 46.669 44.600 

Aug 54.350 61 .595 49.565 49.348 44.707 45.304 

Sep 54.962 61.066 50.071 48.500 43.827 44.893 

Oct 51.992 59.011 47.600 46.351 43.202 44.393 

Nov 51 .778 59.337 44.405 40.798 36.857 39.512 

Dec 50.292 58.209 47.119 41 .202 36.015 37.708 

2012Jan 51 .108 58.133 44.200 40.300 35.125 38.200 37.313 

Feb 52.406 59.281 45.750 45.265 38.850 40.863 43.375 

Mar 53.420 61.056 48.045 49.000 42.182 45.750 44.818 

Apr 54.942 62.948 47.300 47.389 41 .038 45.188 42.175 

May 50.771 60.385 48.932 49.131 41.625 44.784 42.477 

Jun 49.552 60.367 45.548 44.803 37.869 41.952 37.762 

Jul 54.419 64.308 45.452 43.756 36.810 40.012 36.476 

Aug 52.329 63.731 44.630 44.810 37.174 40.283 37.174 

Sep 53.433 64.228 45.526 45.197 38.132 41.026 39.763 

Oct 50.187 62.070 39.717 38.000 34.690 37.913 36.065 

Nov 48.317 59.417 34.000 33.903 30.500 35.100 29.988 

Dec 49.617 58.736 36.300 36.727 33.238 36.450 34.500 

2013Jan 51 .557 60.016 40.095 40.191 36.476 38.595 36.000 

Feb 52.244 60.953 40.097 41.462 37.132 41 .000 36.750 

Mar 51 .250 60.400 42.550 42.971 37.538 41 .000 36.838 

Apr 51.626 64.557 43.250 43.132 37.898 38.966 36.716 

May 52.541 64.291 41 .796 40.895 37.080 37.500 36.057 

Jun 51.330 61.517 45.000 45.036 38.100 36.500 35.400 

Jul 48.377 57.400 45.409 46.205 37.807 36.421 37.023 

Aug 45.890 52.413 42.909 41 .702 35.028 36.091 37.546 

Sep 45.638 51 .182 40.645 39.981 34.635 36.438 36.738 

Oct 44.161 48.380 33.652 32.825 28.533 29.489 29.261 

Nov 40.982 47.502 35.132 32.632 26.197 24.868 27.592 

Dec 39.731 45.552 35.611 33.329 27.658 27.553 29.566 

NOTE: The Jacobsen is a subscription based service. Information in this file cannot be utilized for other purposes and 



must be cited. 
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Overview of the WAEES Modeling System 
The WAEES partial equilibrium modeling system is made up of a set of global econometric models 
emulating the behavior of the global agricultural sector. The partial equilibrium models can be broken 
down into crops, livestock and biofuels components encompassing feed grains, food grains, cotton, 
sugar, oilseeds, ethanol, biodiesel, beef, pork, and poultry. 

W AEES Partial Equilibrium Models 

Quasi-Trend Models 
Dairy 

Milk 
Cheese 
Buner 
Non Fat Dry Milk 

Global Livestock Module 
Live Animals 

Meat 

Canle 
Hogs 

Beef 
Pork 
PoultJy 

Biofuels Module 
Ethanol 
Biodicscl 

Recursive Models 
Exchange Rates 
Partial US Macro 
US Farm Income 
PPl/Cost of Prod 

Over 20,000 equations in 
the system 

Global Vegetables 
Module 

Broccoli 
Carrots 
Cauliflower 
Cucumbers 
Lettuce 
Melons 
Onions 
Peppers, Chili 
Peppers, Sweet 
Spinach 
Sweet Com 
Thmatoes 
Watermelons 
Other Melons 

The WAEES models cover 42 countries/regions with an additional12 regional aggregates including the 
world total. WAEES follows USDA's reported data coverage which may mean that a zero is reported for 
a particular commodity which USDA does not cover or has discontinued covering. USDA currently 
covers at least 90 percent of global production; therefore, the countries which are omitted represent a 
small portion of total global production. Specifically the WAEES model includes Canada, Mexico, the 
United States, Caribbean and Central America, Argentina, Brazil, Bolivia, Chile, Paraguay, Uruguay, Other 
South America, the European Union 28, Other Europe, Russia, Ukraine, Uzbekistan, Other Former Soviet 
Union, Saudi Arabia, Turkey, Other Middle East, China, Japan, South Korea, Taiwan, Other East Asia, 
India, Pakistan, Other South Asia, Indonesia, Malaysia, Myanmar, Philippines, Thailand, Vietnam, Other 
Southeast Asia, Australia, Other Oceania, Egypt, Other North Africa, Kenya, South Africa, and Other Sub
Saharan Africa. WAEES also reports projections on crop area, yield and production for each of the EU-28 
countries. 
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WAEES Regions follow the USDA Regions 

• North America 

• Central America & 
Caribbean 

Partial Equilibrium M odels 

• Fonner Soviet Union D South Asia 

• South America • Middle East 

• European Union 0 North Africa 

[] Other Europe Sub-Saharan Africa 

[]J Southeast Asia 

0 East Asia 

D Oceania 

Each partial equilibrium module is broken down into commodities with a system of structural equations 
capturing the supply and demand components for each of them. The drivers of these equations are 
theoretically derived based upon the behavioral postulates from economic theory of profit maximization 
by the market participants and utility maximization by consumers subject to various domestic and 
international trade policies. The diagram below illustrates the inter-linkages of the crops and livestock 
model. In the diagram, the blue boxes represent the key drivers (conditioning assumptions) of the 
agricultural sector including income, population, culture, inflation, exchange rates, domestic and trade 
policy, technology and input costs. The green boxes are an aggregate approximation of the crops sector. 
As relevant, each box represents an equation for each commodity covered. For example, there are 
specific feed demand equations for corn, sorghum, barley, soybean meal, sunflower meal, etc. The pink 
boxes are an aggregate approximation (within the diagram) of the detailed livestock sector model 
encompassing beef, pork and broilers. The diagram illustrates how income, population, and other 
factors drive food demand for crops and meats. Crude oil prices (and policies) drive the demand for 
biofuels. As demand increases, crop prices increase providing an incentive for production expansion. 
Technology growth drives yield expansion providing much of the needed production. Crop area may 
also grow to meet demand needs although in developed countries this often amounts to tradeoffs 
among crops. Ultimately supply and demand are balanced via commodity prices. If demand is stronger 
than supply, commodity prices increase until demand growth is slowed and supply growth is increases 
enough for supply and demand to balance. 
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Partial Equilibrium Modeling System 
(Conceptual Framework Representation for One Country) 

Per Capita Income 
& Distribution 

0 Condition ing Assumptions 

0 Crop S upply & Demand 

0 Livestock Supply & Demand 

The WAEES partial equilibrium models solve iteratively to find equilibrium by balancing global supply 
and demand. This occurs at the individual country level for each commodity. Most countries are at 
least somewhat open to trade albeit with tariffs. The trade diagram below illustrates conceptually how 
global supply and demands are balanced within a "global" price equilibrium solution. Typically a large 
exporting country is chosen as the residual supplier for the world . The choice of this country does not 
affect the solution. The commodity price in the residual supplying country is solved for by assuming an 
initial level of exports. This price is then transferred to other countries through trade barriers, 
transportation costs, and exchange rates. Based on a given price level, each country determines how 
much it is willing to supply or demand at that price and subsequent how it wants to import or export. 
Occasionally a country has tariffs high enough that no trade will occur or only a fixed amount of trade 
will occur at the lower tariff level. Note that in those countries internal prices may not reflect the world 
level of prices because supply and demand must be balanced from domestic sources. After the supply 
and demand in each country is determined and the implied trade position, these trade positions are 
summed to find the new level of exports for the residual supplying country replacing the initial 
assumption . The process then repeats itself until prices adjust to balance global supply and demand. 
For example, if the sum of trade across all other countries is lower than the initial starting assumption 
for the residual supplying country, the price level in the residual supplying country will fall to balance 
supply and demand. This lower price level will then get t ransferred to all other countries affecting their 
supply and demand and ultimately net trade positions and of course replace the exports again in the 
residual supplying country. This process continues until global supply and demand balance. 
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How do partial equilibrium models solve for a 
global supply and equilibrium price? 

()('gins \\oith nn as:,umcd 
cxporl levc.l for a large 
exporting country such as the 
US and solves for lhe 
commodity price le\'cl. This 
counU)' is knov.n as the 
re::.idual :;.upplicr. Noc.c Uuu 
the choice of the coon try 3$ a 
rcsidu:d supplier does not 
atl<ct the model solution. 

f 
The inilial as.sumption 
for exports is replacctl 
by the sum of the net 
trade positions across 
all countries which 
will tOUli iO a new 

level of exports for the 
residual >uppl)ing 
country. 
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Trade Barriers 

Whether the coon try 
allow'S it's nc:ttr~dc: 
position to be market 
determined(subjtct to 
tariffs.. trl'lnSJXIfl.C'tC.) 
or speci fies thele-.·el of 
trade. it 'snet: rrade 
position is detmnined. 
Some countries mny be 
net importers while 
Other countries may be: 
net cxporlcrs. 

Transport Cos1 
Exchange 

Rates 

Port price in otha countries is 
linked to the residual suppl}ing 
country's port price adjusting for 
trade b3rric:rs. transport COStS. t\nd 
exchange rates ifl country is 

/~~f(: 
~~ 

...., Farm prices in ench country are 
...,.....- linked to the port prices to 

Some countries restrict trade to a determine how much "'ill be 
fixed level of imports or exports or supplied and how much "ill be 
choose nOl tO trade at all in cc:rt:lin demanded. The n<l trade position 
commodities. In these countries. is then determined by subtracting 
prices arc disconnected from supply from demand. 
world prices if the trade b;1rriers 
arc binding. 



An Example of the US Partial Equilibrium Model for the Biofuels Sector 

Within the WAEES model, the US ethanol and biodiesel sectors are set up as partial equilibrium models 
with supply and demand equations and an endogenous ethanol and biodiesel price. The structure of the 
model has its roots in the ethanol specifications documented by John Kruse, Patrick Westhoff, Seth 
Meyer, and Wyatt Thompson in a 2007 journal article in AgBioForum entitled, "Economic impacts of not 
extend ing biofuel subsidies." With the second Renewable Fuel Standard, these original specifications 
have been updated to reflect the hierarchical system of mandates. The biofuels mandates require 
compliance with each specific mandate type including biodiesel, cellulosic, advanced and the overall 
renewable fuel mandate. The rational for different mandates in the legislation was to encourage biofuel 
producers to move towards feed stocks that provided the greatest level of greenhouse gas (GHG) 
reductions compared with conventional petroleum. The term "advanced biofuels" was used to describe 
biofuels that reduced GHG emissions by at least SO percent compared with a 20 percent reduction 
requirement for conventional feed stocks. Cellulosic derived biofuels must reduce GHG emissions by 60 
percent. Compliance with the mandates by the obligated parties is enforced by the EPA through as 
system of Renewal Identification Numbers (RINS) assigned to each type of biofuel produced. Obligated 
parties must demonstrated that they have met their assigned obligations through the number of RINS 
they have f or each type of fuel. Theoretically there could be a specific RIN value for each type of 
mandate- cellulosic, biodiesel, advanced, and conventional, if each mandate was binding. Mandates 
are binding when the market is forced by policy to produce more than what normal economic 
conditions would suggest. The advanced biofuels are typically more expensive to produce than 
conventional biofuels resulting in those mandates being more binding than conventional biofuels 
mandates. Therefore RIN values (or prices) are typically significantly higher for advanced biofuels than 
conventional biofuels. 

Hierarchical RINS Modeling 

1/19/2014 

Theoretically there can be 4 different RIN prices 
specific to each mandate i f all the mandates are 
binding. 

Mandates are binding when the market is forced by 
policy to produce more than what normal economic 
conditions would suggest. 

Given the hierarchy of the mandates. i t must be the 
case that RIN values for blodlesel are greater than or 
equal to advanced RIN values and advanced RIN 
values must be greater than or equal to conventional 
RINS. This is because biodiesel RINS can be used as 
advanced RINS and advanced RINS can be used as 
conventional RINS. (This process is referred to as 
demotion.) 

Biodiesel RINS can have the same value as advanced 
RINS if the biodiesel mandate i s le.ss binding than the 

advanced mandate. 



US Biofuels Mandates in 2022 

Renew able Fuel Mandate 
36 billion aallonl .... U.S. Renewoblo Fuel Mandotos ln tho RFS 2 

Specific Advanced 
Mandate 

21 billion 1111om 

Implied Conventional 
Mandate 

15 billion 1allon• 

I: •• 1111111111111 
I R I I i i i i i i i i i i fi i H 

· EPA has w:uved the cellulos ic mandat~ In 2011 and 2012 beuuse: 
cclluloslc b•ofuels are still very expensive to produce. 

• While the ceUulos1c mandates has been waivt'd, the ovelill advanced 
m~ndate continues to be reuined forcing more d~mand for other 
.tdvanced fuel fred stocks such a.s biodiesd and sugarcane ethanol. 

A detailed diagram of the US biofuels models is presented below. The demand for biofuels is largely 
mandate driven . However, if crude oil price edge higher it is possible for ethanol demand to be driven by 
market forces although the blend wall presents another hurtle. The supply of biofuels is driven by the 
profit margins of the biofuel plants. Profit margins are derived by subtracting the cost of the feed stocks 
and other variable costs of production from the valued of the products. In the case of ethanol, the value 
of the ethanol plus the value of the byproducts including corn oil and distiller's grains form the gross 
returns. The cost of ethanol is composed of the feed stock cost, primarily corn, and the other inputs. 
In the case of biodiesel, the value of biodiesel and the byproduct glycerin form the gross returns. The 
cost of producing biodiesel is composed of the feed stock costs such as vegetable oils, waste oils, corn 
oil and other inputs. The respective margins f or ethanol and biodiesel drive capacity expansion in the 
longer term and capacity utilization in the short term for each sector. Equilibrium between biodiesel 
supply and demand is found by solving for the biodiesel price. 
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US Biofuels Partial Equilibrium Models 
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The WAEES Global Modeling Process 
Forecast Assumptions 

WAEES begins each semi-annual forecast by developing a set of conditioning assumptions that will be 
used for the forecast. These assumptions include the critical domestic and trade policies affecting 
agriculture and biofuels in each country; macroeconomic conditions such as per capita income growth, 
population growth, inflation rates, and exchange rates; technology assumptions such as crop yield 
growth; and key cost of production drivers such as interest rates, petroleum prices, wage rates, and 
other trends in tastes and preferences. Infrastructure constraints and land area expansion assumptions 
are also outlined in this process. These assumptions are direct inputs into the WAEES global agricultural 
partial equilibrium models. 

Historical Data 

The second step in the process is updating all historical data to the latest numbers. A large portion of 
the historical supply and demand data is drawn from USDA's Production, Supply, and Disposition (PSD) 
database. Historical data on crop area, yield, and production for each of the EU-28 countries is taken 
from Eurostat and supplemented with data from each of the country Ministries of Agriculture as 
needed. Some historical data such as sugarcane and sugar beet area harvested is taken from FAOSTAT, 
but the data is reviewed for consistency prior to being used in the models. Historical data on 
commodity prices are taken from a variety of sources including the respective Ministries of Agriculture 
(or equivalent) in each country, USDA, FAO, etc. Historical government policy information is gathered 
from USDA Gain Reports, the WTO, OECD, FAO, and the respective Ministries of Agriculture (or 
equivalent) in each country. 

The timing of historical data releases determines when the WAEES forecasts are completed . The critical 
updates for PSD's global livestock data occur in April and October. The global crops data is updated 
more frequently throughout the year. Since the size of the southern hemisphere crops are generally 
available in April/May and the size of plantings in the northern hemisphere crops are generally known, 
WAEES conducts the f irst of the semiannual forecasts over the month of May targeting the beginning of 
June for release of the forecast numbers. The second forecast is typically done over the month of 
November targeting the beginning of December for a release of the forecast numbers. At this time of 
the year, the northern hemisphere crop sizes and the southern hemisphere plantings are generally 
known. 

Model Development and Equation Updates 

The WAEES global partial equilibrium models are in a constant state of review to ensure that the 
equation are performing adequately, the model structure is adapted to changes in the marketplace, 
changes in data sources are captured, and new coverage is added as necessary. While WAEES does not 
keep an exact count on the number of equations in the system, it now exceeds 20,000 equations. The 
performance of the behavioral equations within the system are continuously monitored within the 
system based on their percent root mean square errors, consistency with market behavior, and their 
recent pattern of historical errors. Prior to each forecast, the equations are reviewed and replaced as 
needed. 

Model Calibration and Adjustment 

After the historical data has been updated, each equation is recalibrated to the updated historical data. 
After reviewing the equation performance as per the description above, the model adjustment factors 
are set for the firs t forecast year. These adjustments are set based on a weighted average of the 
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equations errors over the previous 3-5 years in the model. In 99.5% of the equations this adjustment 
factor is held constant over the forecast horizon of 2013 through 2030. There are a few equations, 
particularly in the livestock sector, where adjustments are used to generate the livestock cycles. 

Generating t he forecast 

After capturing the forecast assumptions, updating the historical data, reviewing the model equations, 
and calibrating the model, the model is then solved to generate a global forecast of commodity prices 
that balances supply and demand within each country and around the world. Since the commodities are 
highly interrelated within the model sometimes the forecast assumptions generate unexpected results 
and/or push the model into a region outside the experience based on historical data. The global 
solution is carefully reviewed and the equation results are evaluated based on direction and magnitude 
of response, and if necessary, the model equations are adjusted and the model is re-solved for a new 
global solution . These corrections are usually small or not needed, but some scenarios can push the 
model into untested ranges. 
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REASSESSMENT OF L IFE CYCLE G REENHOUSE G AS E MISSIONS 

FOR SOYBEAN BIODIESEL 

A. Pradhan, D. S. Shrestha, J. VanGerpen, A. McAloon, W. Yee, M. Haas, J. A. Duffield 

ABSTRACT. This study updates the life cycle greenhouse gas (GHG) emissions for soybean biodiesel with revised system 
boundaries and the inclusion of indirect land use change using the mosr currem ser of agricullllral data. The updated re
sults showed rhar l({e cycle GHG emission from biodiesel use was reduced by 81.2% compared to 2005 baseline diesel. 
When the impacts of lime applicarion and soil N10 emissions were excluded for more direct comparison with prior results 
published by rhe National RenL'wable Energy Laboratory (NREL}. the reduction was 85.4%. This is a significant improve
ment over the 78.5% GHG reduction reported in the NREL study. Agriculwrallime accounted for 50.6% ofGHG from all 
agricultural inputs. Soil N10 accounted for 18.0% of total agricultural emissions. The improvement in overall GHG re
duction was primarily due to lower agricullllra/ energy usage and improved soybean crushing facilities. This study found 
that soybean meal and oil price data from the past ten years had a significant positive correlation (k = 0. 7 3): hence. it is 
argued that soybean meal and oil are both responsible for indirect/and use change from increased soybean demand. It is 
concluded that when there is a strong price correlation among co-products, system boundary expansion without a proper 
co-product allocation for indirect land use change produces erroneous results. When the emissions associated with pre
dicted indirect land use change were allocated and incorporated using U.S EPA model data. the GHG reduction for bio
dieselwas 76.4% lower than 2005 baseline diesel. 

Keywords. Biodiesel. Biojitel. Greenhouse gas emissions. Land use change. Life cycle analysis. Soybean. 

B 
iofuels are becoming popular alternatives to fos
si l fuels, with state and federal policies, such as 
the Renewable Fuel Standard (RF$2), signifi
cantly increasing their demand over the past sev

eral years (EPA, 20 I Oa). Although biofuels have the poten
tial to become completely renewable, their production with 
today's technology requires some nonrenewable resources, 
e.g., synthetic fertilizers arc used to improve yields, and 
fossil fuels are used for powering fann equipment. 

The first comprehensive life cycle inventory (LCI) for 
biodiesel (BD) produced in the U.S. from soybean oil was 
published by the National Renewable Energy Laboratory 
(NREL) (Sheehan et al., 1998). The purpose of the NREL 
study was to conduct a life cycle assessment (LCA) to 
quantify the energy and emissions associated with the pro
duction and use of soybean biodiesel and compare it to pe
troleum diesel. The study took into account the emissions 
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associated with soybean agriculture, transport, crushing, oil 
transesterification, biodiesel transport, and use of biodicscl 
in a city bus. The study used 1990 soybean production data 
from the Fann Costs and Return Survey (FCRS) conducted 
by the USDA. The data for soybean crushing came from a 
performance study conducted in l 981 . The study used a 
1994 transesteri fication model from a single commercial 
transcstcrification facility. 

The NREL snrdy reported that soybean biodiesel re
duced carbon dioxide (C02) emissions by 78.5% compared 
to perroleum diesel. The reason behind this reduction is that 
biomass-derived fuels participate in the relatively rapid cy
cling of carbon to and from the atmosphere. Biomass
derived carbon that ended up as C02 leaving the tailpipe of 
a city bus was subtracted from the total col as part of the 
biological recycling of carbon. 

The objective of this study is to update the life cycle 
greenhouse gas (GHG) emissions calculations based on the 
most recent complete set of data for soybean biodiesel pro
duction via base catalyzed transesterification. Even though 
more current partial data for agriculture were available, the 
data used in this article are from 2006. It is important to use 
agricultural data fi·orn a single year, as agricultural data 
vary significantly fTom year to year depending on factors 
such as weather and pest infestation. The year 2006 was the 
most recent year that had a complete set of af,>Ticulture data 
avai lable. This study compares the new LCA result with the 
NR.EL result and provides an explanation of the reasons for 
any differences. This study also points out the potential pit
falls of the system boundary expansion approach for im
pact assessment of indirect land use change, including the 
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assumption that this approach will automatically account 
for co-product allocation. 

METHODOLOGY 
This sntdy takes two different approaches; the first is the 

"base case." the methodology of which is consistent with 
the NREL's attributional LCA. Attributional LCA (ALCA) 
is a " business as usual" method that accounts for environ
mentally relevant physical flows to and from a product sys
tem. ALCA uses average values based on normal, current 
business practices. ALCA does not include any indirect ef
fects that arc not directly related to the production of bio
diesel. The second approach is the "consequential" LCA, 
which includes factors such as indirect land use change. 
Consequential LCA (CLCA) aims to predict the conse
quences if changes are made to an established process. 
CLCA includes indirect changes in addition to direct ef
fects. 

The system boundary for the base case in this study is 
similar to that of the NREL study, except for inclusion of 
the use of agricultural lime (to improve soil pH) and soil ni-

Inputs 
Soybean agriculture 

Diesd 
Gasoline 
LP Gas 
N3tu ral g35 
Nitrogen 
Phosphorus 
PotaSsium 
Lime 
Seed 
Herbicide 
lnsccticitlc 
Electricity 

Soil N:O emission 
Soybean transport 
Soybean crushing 

Electricity 
Natural gas 
Hcxunc 

Biodiesel conversion 
Electricity 
Steam at 10.3 bar ( 150 psi) 
Methanol 
Sodium methylate 
Hydrochloric acid 

(per hn) 
33.3 L 1' 1 

12.8 L 1' 1 

2.0 Ll•l 

4. 1 m'!•l 
3.3 kg l•l 
12. 1 kg 1' 1 

22.4 kg !•I 
463.7 kg 1•1 

68.9 kg 1•1 

1.6 kg ~~ 
0.04 kg I~ 

17. 1 kWh l•l 

(per ha) 
(per ha) 

(perlofBD) 
212.3\Vh (I>J 

0.11 m1
"'1 

t 1.1 g lbJ 

(per L ofBD) 
44.6 \Vh (bJ 

!24.1 g fbi 

96.7 g 1' 1 

2.7 g 1•1 
0.5 g r•: 

Riodic:;cl tmnspon and di>1ribution (per L uf RD) 

trous oxide emission, and exclusion of oil transpoJ1. The 
list of inputs and outputs for the attributional LCA is shown 
in table I. Agricultural lime was included in the base case 
because it is used periodically on soybeans and was inad
venently omitted from the NREL analysis. The impact of 
soybean oil transpon was studied separately and not in
cluded in the base case because, for the most part, the soy
bean oil biodiesel plants considered in this study arc co
located with soybean crushing plants. The GHG emissions 
were estimated from energy and material inputs in the pro
duction process. The emissions were calculated by multi
plying the inputs by the corresponding emission factor. The 
data for estimating the effect of indirect land use change 
were borrowed from a recent EPA analysis (EPA. 20 I Ob ). 

Three major anthropogenic greenhouse gases (C02• 

CH4, and N20) were used to estimate the net GHG emis
sions. All emissions were reported as CO!-equivalent 
(C02c) emissions. The C0 2c value indicates a GHG 's g lob
al warming potential (GWP), as advocated by the Intergov
ernmental Panel on Climate Change (IPCC). GWP indi
cates the relative strength of mdiative forcing (RF) of a 
GHG compared to C02 integrated over time. Therefore. 
C02 has a GWP of unity. The IPCC Second Annual Report 

35.9 MJ L"1 1' 1 

32.4 MJ L"1 1"1 

23.7 MJ L·' ~'1 

36.6 MJ m·1 1' 1 

3.6 MJ kWh"' 1•1 

3.6 MJ k\Vh"1 hi 
36.6 MJ nf' t•J 

3.6 MJ kWh"' l<i 
2.0 MJ kg"' !•I 

20. 1 MJ kg·• 1•1 

&9.7 Mr ' 1' 1 
90.9 Mr' r•r 
76. 1 Mr' r•J 
72.4 Mf' fJI 

3.6g"1 :<J 
1.2 g"' (dJ 

0.8 g·• (d l 

0.6 g·' (bl 

189.3 kg" ' I' I 
25.8 g"' [J J 

JO.og·' t"l 
208.4 MJ"' 1'1 

Subtotal: 

208.4 Mr' 1' 1 

72.4 Mr' c•• 
0.2 ·I [bJ 

Subtotal: 

208.4 1\-11"1 IJI 

119. 1 Mr' 111 

67.7 Mf' 1' 1 

7.9 g"' i'l 
13.5 g"' (\ J 

Subtota l: 

gCO,e ' 

107,233.7 
37,698.0 
3,607. 1 

10,864.3 
t 1,880.0 
14,520.0 
17,920.0 

278,220.0 
13.042.8 
41 ,280.0 

1,200.0 
12.829.1 

550,295.0 
J 20.468.5 
56.464.3 

159.3 
291.5 

2.2 
453.0 

33.4 
29.6 

131.6 
2 1.3 
6.8 

222.7 
22.5 
21.7 Riodic:;cl cum bust ion (per L of Rl)) 

1·1 2006 A R~-tS und ERS data (data were obtained from the USOA through spccinl request). 
1•1 ANL. 20 10. 
1' 1 DOE. 2008. 
1' 1 EPA, 20 I Od. 
1' 1 Product of columns 2, 3 (when applicable), 4, and proper unit conversion factor to get emission in gCO:c. 
Jq NASS. 2007. 
1' 1 Direct unit conversion. 
1' 1 ARS model. 
'" Steam table data. 
~I Natural gas as fuel with 60.8% boiler efilciency (steam generation at t 50 psig ~ t 411 Bru lb"1

• and the enthalpy of evaporation 
from the steam table = 858 Btu lb"'. which ~~vcs the total natural gas to steam usage eflicicncy of 858/1 411 = 60.8%). 

1' 1 Sheeh~n e t ~I.. t 9n. 
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(SAR) assesses the G WP of CH4 as 2 1 and N20 as 310 for 
a I 00-year horizon ( lPCC, 1996). The lPCC Third Assess
ment Report (TAR) re-evaluates the GWP of CH4 as 23 and 
N20 as 296 for the same time horizon (IPCC, 200 I). The 
United Nations Framework Convention on Climate Change 
reporting guidelines for national inventories were updated 
in 2006 but continue to require the use of GWP values from 
the IPCC SA R (UNFCCC. 2006). This requirement of us
ing SA R GWP values ensures that new estimates of aggre
gate GHG emissions are consistent with estimates devel
oped prior to the publication of the IPCC TAR and the 
lPCC Fourth Assessment Repon (AR4), which re-evaluates 
the GWP of CH4 as 25 and N20 as 298 (IPCC, 2007). In 
order to comply with UNFCCC reporting standards. this ar
ticle uses SAR GWP values. The U.S. EPA also follows 
UNFCCC guideline and uses GWP values from SAR (EPA, 
2010c) in its renewable fue l standard (RFS2) li fe cycle 
analysis. 

The GHG emissions for soybean biodiesel production 
were expressed as grams of C02-equivalcnt (gC02e). The 
energy inputs were multiplied by the embedded energy 
(low heating value for all fossi l fuels) of the input and then 
multiplied by the appropriate GHG factor (table 1). For the 
non-energy inputs, where energy equivalence is not appli
cable. the input was directly mult ipl ied by the GHG factor 
to calculate gC02e. The results were compared with 2005 
baseline diesel GHG emissions, as required by The Energy 
Independence and Security Act (ElSA) of2007, to quanti fy 
the relative benefits of soybean biodiesel. 

D ATA D ESCRtPTJO!'i AND A SSUMPTIONS 
Soybean Agriculture 

At the time of the Sheehan et al. ( 1998) study, the most 
recent soybean production data were from the USDA 1990 
Farm Costs and Rerum Survey (FCRS). In this article, all 
farm input and direct energy data for soybean production 
are from 2006, the most recent set of soybean survey data 
available at the time of this study. Agricultural inputs and 
outputs. such as yields and use of pesticides. vary !Tom year 
to year. Therefore, m ixing and matching agricultural data 
!Tom different years can produce an unrealistic picture. 
Temporal variation could be minimized by averaging sev
eral years of data, but complete sets of agricultural data are 
not generally available for multiple consecutive years. 
Therefore, a complete set of the most recent agriculture da
ta from a single year was used in th is srudy. 

In order to ensure that 2006 was not an abnonnal year, 
which could bias the result, we carried out a linear regres
sion analysis on yields from I 980 to 20 I 0. This analysis 
verified that the yield for 2006 was within the 95% confi
dence interval (36.4 to 48.8 bu ac·1

) of predicted yield. The 
fertilizer, lime use, and direct energy use (such as diesel , 
gasoline, and natural gas consumption) were from the 2006 
Agricultural Resource Management Survey (AR!v!S) and 
National Agricultural Statistics Service (NASS) data corn
piled by the USDA Economic Research Service (ERS). 
Chemical data for 2006 were from a chemical survey con
ducted by NASS (NASS, 2007). The 2006 ARMS and 
NASS soybean survey provided detailed state- level da ta for 
19 major U.S. states. T he state soybean yield data were es-
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tirnates reported by NASS (NASS, 20 I 0). The national av
erage yield was 2906.7 kg ha'1 (43.2 bu ac '1) in 2006. The 
soybean farm s urvey data were weighted by state acreage 
to derive the average quantity used for U.S. soybean pro
duction. The C02e emission values were from the Excel 
sheet ''emission factors" in EPA data (EPA, 20 I Od). The 
C02, CH~. and N20 emissions for hexane and agricultural 
lime, not provided in the EPA repon, were from the Excel 
sheet "BD" in the GREET (Greenhouse gases, Regulated 
Emissions, and Energy use in Transportation) model (ANL, 
20 I 0). These C02e emission values were then converted to 
C02c factors using SAR GWP values. 

Soil Emissio11 Data 
This study used soil N20 emissions (not available at the 

time of the NREL study) from the GREET model (ANL, 
20 10). N20 is emitted through (I) direct emissions (includ
ing nitrification, denitrification, and volatil ization) from the 
soil to the air, and (2) indirect emissions (including leach
ing and runoff of nitrate into waters) (Huo et a l., 2009). 
N 20 emissions from the biological fixation of nitrogen are 
not included in the model, as the IPCC, in the 2006 guide
lines, removed biological fixation of nitrogen as a direct 
source ofN20 (IPCC, 2006). 

The GREET model (ANL, 2010) estimates soil N20 
emission using the tota l amount of nitrogen in the soybean 
biomass left in soybean fields (aboveground and below
ground biomass) and in the nitrogen fertilizer applied. 
GREET estimates 7.4 g of nitrogen in the biomass per kilo 
gram of soybean produced (200. 7 g N bu·1 soybean). IPCC 
suggests an average conversion factor of I% for the pro
duction of N20 from biomass nitrogen and fenilizer nitro
gen (IPCC, 2006). To estimate the tota l N20 emission, I% 
of the summed nitrogen content from biomass and synthetic 
fertilizer was multiplied by the factor 1.57 to account for 
the ratio of the molecular weights of N20 and N2, per IPCC 
recommendat ions. Using values !Tom the GREET model, 
the N20 emission from the soil was estimated to be 388.1 g 
NzO ha'1 (3.63 g N20 bu'1). 

Soybean Transport 
The average hauling distance for soybeans from the 

point of production to that of processing depends on the 
crushing capaci ty of the plant. For an oil crushing plant 
wi th an annual capaci ty of 3 78 million L ( I 00 m illion gal), 
the theoretical minimum hauling distance was calculated to 
be 56 km (35 mi), assuming a com-soybean rotation and 
that the crushing plant was located at the center of a square
shaped agricultural area from which it draws the soybeans 
(Biodiesel Education, 20 I 2). Because of system inefficien
cies, the actual hauling distance would be greater than this . 
A one-way trip of 81 km {50 mi) was assumed to be the av
erage distance to haul soybeans to the crushinglbiodiesel 
plant using a truck as the mode of transportation (ANL, 
2010). This estimation was based on 16 km (10 mi) to 
transport soybeans from fam1 to storage and another 64 km 
(40 mi) to transport soybeans to the crushing!biodiesel 
plant. The GREET model estimates of C02, CH4, and N20 
emissions for soybean transportation were 512.32, 0.5886. 
and 0.0 133 g bu' 1

, respectively. Using SAR GWP, the C02e 
for soybean transport was estimated to be 56,464.3 g ha'1 
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(529 g bu' 1) (table I). The theoretical analysis provided a 
means of data verification. 

Soybean Oil Extraction and Transesterijication 
This study uses the energy input data for soybean crush

ing, hexane extraction of the oil, and biodicsel production 
via alkali-catalyzed transcsteri fication from a biodicscl 
plant model developed by the USDA-ARS using SuperPro 
designer ( lntelligen, Inc., Scotch Plains, N.J.). The ARS 
model was prepared from process designs, equipment spec
ifications, costs, and energy consumptions that were pro
vided by technical experts and equipment suppliers to the 
soybean crushing and biodiesel industry. The model esti
mates the electrical and thermal enerh'Y inputs required for 
hexane extraction and its subsequent refining and conver
sion to biodiesel at an annual scale of 38.6 million L 
(10.2 million gal) of biodiesel, 137,491 Mg of soybean 
meal. 8.167 Mg of soybean hulls. and 3.975 Mg of crude 
glycerin. The model used in the analysis allows the plant to 
generate its own steam from natural gas with a life cycle ef
ficiency of 60.8% (table I). The model does not represent 
an industry average, but it provides a blueprint of a specific 
biodiesel plant based on the best information available from 
equipment manufacturers and communication with the in
dustry. 

Biodiesel Transport, Distribution, and Combustion 
The biodiesel transport and distribution data used in this 

study were taken from the GREET model (ANL, 2010), 
which estimates a one-way trip of 540 km (335 mi) for bio
diesel transport and distribution using a combination of 
truck, barge, and rail. This estimation was based on 52 km 
(32 mi) by truck, 68 km (42 mi) by barge, and 373 km 
(232 mi) by rai l to transport the biodiesel to a distribution 
center, and another 48 km (30 mi) by truck to transport the 
biodiesel to its final destination. The GREET estimates of 
C02, C H., and N20 emissions for biodiesel transport and 
distribution were 704.7, 0.81, and 0.0167 g mmBtu'1 BD, 
respectively. Using SAR GWP, the C02e for biodicsel 
transport and distribution was estimated to be 0.7 g MJ'1 

fi1el (22.5 g L'1 BD) (table I ). 
The COz emission from biodiesel combustion was not 

included in the model because it is assumed to be equal to 
the amount of C02 captured by soybeans during photosyn
thesis. Exclusion of C02 emission is consistent with the 
NREL study. The combined N20 and CH. emission from 
biodiesel combustion was estimated to be 21.7 gC02e L'1 

BD (EPA, 20 10d) (table 1). 

CO-PRODUCT ALLOCATION 

l.n order to provide a consistent comparison to the NREL 
report, this study used a mass-based allocation method that 
allocates energy and emissions to the various co-products 
by their relative weights. The USDA Economic Research 
Service (ERS, 2009) reported a 2006-2007 U.S. average oi l 
yield of 0. 189 kg oi l kg·1 soybean ( 11.34 lb bu'1). This ex
traction rate is higher than the 0. 169 kg oil kg·1 soybean 
(I 0.16 lb bu'1) used in the NREL study. The oi l extraction 
rate for crop year 2006-2007 was used in this study in order 
to be consistent with the 2006 ARMS agricultural input da-
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T ablr 2. Base case e missions for biodicscl with co-product allocation. 

Subsys1em 
Soybean agri cullurc 
Soil N,O emission 
Soybean I1'311SJ>Ort 
Oil recovery 
Biodicscl conversion 
Biodicscltranspon 
Biodicscl combustion 
Total 
Diesel emissions 

(gCO,c Gr' dicsct)l•l 
GHG reduction for biodicscl 

relative to diesel (%) 

Allocation 
Factor 

(%) 
18.4 
18.4 
18.4 
18.4 
89.9 
100 
100 

Emissions 
(gCO,c GJ'' biodicsel) 

Before After 
Allocationt•l Allocation 

28,128.9 5,175.7 
6, 157.9 1, 133. 1 
2.886.2 531.1 
13,853.2 2,549.0 
6,810.4 6,122.5 
688.1 688.1 
663 .1 663.1 

59,187.8 16,862.6 
89.668.2 

8 1.2 

1·1 From table I ( last column of table I was converted to gCO,c GJ'1 

biodiesel using conversion factors of 19,563.3 MJ of energy fro m 
biodiese l ha' and 32.7 MJ L' ' of biodiesel). 

t•l DOE, 2008. 

ta. After excluding the hulls and waste material. the soy
bean produced 20.5% oil and 79.5% meal by weight. Total 
emissions from biodiesel were allocated bct\vecn oil and 
meal accordingly. 

Transesterification of soybean oil produces biodiesel and 
crude glycerin. The NREL model oftransesterification used 
a biodiesel to crude g lycerin production ratio of 4.7: I 
(I 0,504 kg lf1 for biodiesel and 2,235 kg h'1 for cn1de glyc
erin). According to this ratio, the NREL study allocated 
82.4% to biodiesel and 17.6% to crude glycerin. However, 
modern plants have biodiesel to crude glycerin ratios of 
about I 0: I by weight (da Silva et al. , 2009; Thompson and 
He, 2006; Van Gerpen et al. , 2006). The model in this study 
uses output rates of 4,256.3 kg h'1 for biodiesel and 479 kg 
h'1 for crude glycerin. This corresponds to a ratio of 89.9% 
biodiesel to 10.1 % crude glycerin, which is c lose to the 
modem industrial average. The co-product share of crude 
glycerin was deducted from the estimated GHG emissions 
of soybean agriculture, soybean transport, and oi l recovery. 
The overall allocation for soybean agriculture, soybean 
transport, and oil recovery was therefore 18.4% (20.5% x 
89.9%), as shown in table 2. 

RESULTS AND DISCUSSION 
The average soybean yield was 2,907 kg ha'1 (43.2 bu 

ac'1) in 2006 (NASS, 2010). With 0.189 kg oil kg'1 soybean 
and 96% conversion efficiency from oil to biodiescl by 
weight, each hectare of soybean production is equivalent to 
598.7 L of biodiesel (64.12 gal BD ac· 1). Biodicsel has a 
lower heating value (LHV) of 32.7 MJ L'1 (Sheehan et al., 
1998). 

The gC02c values from table I were converted to con
sistent units of gC02e per GJ of biodiesel output (table 2). 
The conversion used was I ha of soybean production is 
equivalent to 19,563.3 MJ of energy from biodiesel. 

The reduction in GHG emission (81.2%) compared to 
the reduction reported by NREL (78.5%) was mainly be
cause of improved agricultural management practices and 
increased energy efficiency in soybean crushing. Since the 
time of the NREL study, soybean yield has consistently im-
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proved due to genetically engineered vanettes, improved 
chemical applications, and new management practices (Ash 
et al., 2006). For example. in conjunction wi th reduced 
chemical applications and improvements in management 
practices, fewer equipment trips across the fields are re
quired. Largely as a result of this, diesel fuel use decreased 
from 49.4 L ha·1 (5.29 gal ac' 1) in 1990 to 33.3 L ha·1 in 
2006, and gasoline use decreased from 29.0 to I 2.8 L ha·1 

during the same period. In addition, recently constructed 
soybean crushing facil ities are more energy efficient than 
older facilities. For instance, since 2002, the U.S. EPA has 
required soybean plants to limit their hexane use (EPA, 
2001). Currently acceptable levels of hexane loss are less 
than one- third of the level reported in the NREL study 
(Woerfel, 1995). As a consequence, the new hexane input 
value used in this study is one-half of that reported in the 
NREL study. 

E FFECT OF ADDI NGAGRJCULTURAL LIME 

The NREL study did not consider the impact of agricul
tural lime usage on GHG production. Lime is added period
ically to reduce soil acidi ty and to increase soybean yield. 
The average lime application for soybean production for 
crop year 2006 was 463.7 kg ha·1 (NASS, 2007). With 
0.6 gC02c g'1 applied lime (CaC03) (ANL, 201 0), the C02 

emission associated with lime use was estimated to be 
278.220.0 gC02e ha'1• The GHG emission for lime was 
mainly from mining and processing. Of all agricultural in
puts, lime contributed the most GHG. In fact, the emission 
from lime was 50.6% of the total GHG from agriculture in
puts and 2.5 times more than the emission from diesel usc, 
the next largest source of GHG emissions from agricultural 
inputs. Therefore, lime adds a significant amount of GHG 
emission to the soybean biodiesel life cycle assessment. 
The inclusion of lime was a lso recommended by Landis et 
al. (2007). The main reason for this high emission from 
lime is that the quantity of lime applied is significantly 
higher than other inputs (table I). If agricultural lime was 
not included. lor a more direct comparison tO the NREL re
port, then the GHG reduction from the use of biodiesel 
relative to petToleum diesel would have been 84.1 %, com
pared to the 81.2% value in table 2. 

E FFECT OF A DOING N20 E:\t iSSIONS FROM SOILS 

The NREL estimate did not include soil N10 emissions. 
N20 emissions accounted for 18.0% of total GHG emission 
from soybean agriculture (emission from agricultural inputs 
plus soil N~O). lf soil N20 emissions were not included in 
the base case study, then the reduct ion in GHG emission 
from the use of biodiesel would have been 82.5% rather 
than 81.2%. The soil N20 emissions contribute 6.7% of to
tal life cycle GHG emissions for biodiesel production, and 
hence cannot be neglected. lf both lime and N20 emission 
were excluded from the life cycle inventory, for a direct 
comparison with the NREL results, then the GHG reduction 
for biodiesel relative to petroleum diesel would have been 
85.4%. compared to 78.5% reported in the NREL study. 
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EFFECT OF A DDING SOYBEA~ OI L TRANS PORT 

The base case estimation did not include emissions as
sociated with soybean oi l transport because this study as
sumed that the soybean crushing facility and biodiesel con
version plant were co-located. However, several biodiesel 
plants purchase oil and transport it to thei r plant. The 
NREL study included oil transport in its life cycle invento
ry, which added 560.9 gC02c GJ'1 BD for 919 km (57 I mi) 
using ra il as a mode of transportation. This is equivalent to 
61.0 gC02e GJ'1 BD for I 00 km of oil transport. This is on
ly I% of the emissions for biodicscl conversion. Thus, if oil 
transport from the crushing site to the biodiesel production 
site is a shon distance, then emissions from oil transport 
can be neglected without causing much error. 

E FFECT OF L AN D USE C HANGE (L UC) 
In addition to direct emissions. the 2007 EISA requires 

that calculations of life cycle GHG emissions include all 
significant indirect emissions, such as significant emissions 
from indirect land use changes (ILUC). The LUC estimates 
(both direct and indirect) used by the EPA include domestic 
and international land use conversions induced by in
creased consumption of renewable fuels in the U.S. A 
summary of the EPA calculations for GHG emissions from 
LUC is shown in table 3. 

International land use change is land usc change in all 
countries other than the U.S. How land is used is assumed 
to be detenn ined by the re lative profits from variou~ activi
ties. The EPA estimated the land use change impact with a 
30-ycar horizon beyond the year 2022, when RFS2 is fully 
implemented, with a 0% discount rate for its rulemaking 
(EPA, 20 10c). A 0% discount rate means that the GHG 
emissions today are worth the same as emissions 30 years 
from now. To calculate the annual land use change impact 
for the next 30 years, an emission average was calculated 
using the following equation: 

29 
D LUC, 

LUC GHG = "'-11 =....:;o __ (I) 
- 30 

where LUC_ GHG is the annual GHG per GJ of biodiesel, 
and LUC. is the GHG emission due to land use change in 
the n th year. Year 0 in equation I is the year 2022. The 
LUC_GHG value estimated from this equation using data 

Tab le 3. Summa ry calcula tion or ann ual life cycle GIIG emission from 
LUC ror the year 2022 and bevond (Source: EPA. ZOIOb). 

Emission CaJegory 
International land US'-' change 
Domcslic soil carbon(") 
Domcs1ic livcslock 
Domestic rice methane 
International fann inputs and fen. N10 
lnternationallivesJock 
International rice methane 
Total 

Emission 
(gCO,e GJ'' Diodiesel)l•l 
Year Years Years 

0 1-19 20-99 
1.114,419 5,07& - 114 
-252.977 0 0 
·1.991 ·1.991 · 1.99 1 
• 7,536 . 7,536 . 7.536 
5,120 5, 120 5.120 
-6.100 -6.100 -6. 100 
2.066 2.066 2.066 

853,001 -3.363 ·8.555 
t•l The conversion factor I GJ - 0.948 nmilltu was used to convert to 

gCO:c GJ'1 biodicscl from the original EPAcalculaJions. 
1•1 Average domestic soil carbon was used for years 1-19 and 20-99. 
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from table 3 is 23,452 gCO~c Grt biodiesel. The EPA as
sumed that LUC_GHG in equation I is caused solely by the 
shifi in the equilibrium of demand for soybean oil and thai 
no allocation of land use change GHG to the co-producL~ is 
needed (EPA, 20 I Oe). In other words. increased demand for 
oil is the only driving force in shifting the equilibrium. This 
assumption is based on the economic principle that assumes 
when o il price goes up. more soybeans will be crushed. 
thus incre~sing the oil supply. and as a result , the supply of 
meal also mcreases. With a static demand for meal, as sup
ply increases, the meal price would go down, in which 
~ase, it could be argued that the meal is not a driving factor 
Ill LUC. Contrary to this assumption, the recent price trend 
data for soybean meal and oil show that they both go up 
simultaneously. 

The USDA-ERS price data for oil and meal over the 
past ten years were regressed. The prices of oil and meal 
had a statistically significant positive correlation, with R2 = 

0.73 (p < 0.0018) (fig. 1). Another source (lndexMundi, 
20 12) of historical monthly commodity price data showed 
that soybean oil and soybean meal prices had a positive 
correlation, with R2 = 0.80 (p < 0.000 I) for the period 2002 
t? 2012. Soybean prices also increased during the same pe
nod. The soybean meal price could have increased just be
cause of the higher soybean prices. and the correlation we 
observed could thus have been just an ani fact of an increas
ing soybean price. To test if this was the case, a relative in
crease in oil price was compan:d to a relative increase in 
meal price. It is important to compare the relative increases 
in price. as oil has a much higher price per unit of mass 
compared to meal. For a relative comparison. the prices of 
oil. meal. and soybean were nonnalized using equation 2: 

Normalized price = 
Price - Minimum price (2) 

Maximum price- Minimum price 

Equation 2 linearly scales the prices of oil, meal, and 
soybean between 0 and I. The normalized prices for oil and 
meal were regressed with the normalized price of soybeans 

l'J 

17 

9 

10 20 30 40 so 60 

Oil prke ( C/lbl 

Fi~:ure I. Annual anra~:e price of SO)'bean oil •nd ml!lll from 2000 ro 
2009 (~ource: ERS, 201 1). 
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using equations 3 and 4: 

Normalized oil price = 
a1 + bt x Normalized soybean price 

(3) 

Nonnalized meal price = 

a 2 + ~ x Normalized soybean price 
(4) 

The s lopes of the linear lines (b t and b2) represent the 
relative increase in the price of oi I or meal compared to the 
price of soybeans. The regression analys is showed b 1 = 

0.94 and b2 = 1.00. This result tells us that the oil price in
creased by only 94 cents per dollar increase in the soybean 
price, whereas the meal price increased dollar per dollar 
with the soybean price. Since the slope of the nonnalized 
meal price (b2) was greater than the slope oftbe normalized 
oil price. it was concluded that the relative price of meal 
was increasing at leas t as rapidly as the price of oil. 

A strong positive correlation between meal and oil indi
cates that demand for meal and oil increase proportionally. 
f rom these results, it was concluded that the price of soy
bean meal is as strong an incentive to trigger LUC as soy
bean oi l. If price is the driving force. then both meal and oil 
are the drivers for LUC. In the EPA analysis. the system 
was expanded to include soybean meal in the partial equi
librium model. which assumes constant meal use. The as
sumption of constant meal use effectively allocates all LUC 
emissions to soybean oil. as the model assumes that soy
bean oil is the only driving factor for LUC. 

The strong positive correlation between oil and meal 
price shows that both co-products act together as a unified 
driving force in any resulting LUC impact. The extent to 
which meal should be held accountable for indirect land 
use change depends on the correlation between meal and 
oil prices. If there were no positive correlation, then oil 
price increases alone could be blamed for all indirect land 
usc change, and all LUC _ GHG could be attributed to oil. as 
was done in the EPA study (EPA. 2010d). However, si~ce 
there is a stat istically significant positive correlation be
tween oil and meal prices. the LUC GHG effects should be 
allocated to both meal and oi I. Thus-:-equation I becomes: 

LUC GHG = '-'11-'=0"----- x Allocation factor (5) 
- 30 

where the allocation factor partitions the GHG impact to its 
meal and oil sources. This equation takes into account the 
fact that both soybean meal and oil are responsible for 
LUC_G HG, and it attempts to identify the proponion of 
this value that is attributable to soybean oil production. As
suming the same soybean oil allocation facto r for indirect 
land usc change that was applied for soybean agriculture 
( l ~i4%). t~1e LUC_GHG was estimated to be 4,3 15 gC02e 
GJ BD (mstead of the value of 23.452 gC02e Gr1 in the 
absence of allocation). 

The reduction in GHG emissions from the usc of bin
diesel , compared to 2005 baseline diesel. was 76.4% after 
inclusion of LUC (compared to 81.2% before inclusion). 
The GHG reduction of76.4% was significantly greater than 
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the 57% reduction reported by the EPA in its RFS2 rule
making (EPA, 20 I Oc). The difference arises from the appl i
cation of the a llocation factor to partition GHG impact be
tween oil and meal. The E PA report assigned an allocation 
factor of I 00% to soybean oi l and hence to biodiesel. That 
is, the total G HG impact of land usc change was attributed 
only to biofuel. If a simi lar assumption is made in this 
study, then the GHG reduction is estimated to be 55.0% 
which is close to the value of 57% that was reported by the 
EPA. 

SUMMARY AND CONCLUSIONS 
Using the most recent set of agricultura l data available, 

from the 2006 crop year, soybean biodiesel production and 
usage were calculated to resul t in an 81.2% reduction of 
GHG em issions relative to those calculated for petroleum 
diesel usage based on 2005 data. This calculation incorpo
rated agricultural lime application and soi l N 20 emissions. 
If lime and N 20 were not included, for a more direct com
parison w ith the 1998 NREL study, the reduction would 
have been 85.4%. This is a significant improvement over 
the 1998 NREL sn•dy, which reponed a total G HG reduc
tion of 78.5%. The improvement in GHG emission reduc
tions was mainly due to reduced agricultural ene rgy usage 
and improved energy efficiency in modem soybean crush
ing facilities. 

T he base case in this study used a similar system bound
ary as the 1998 NREL study, except that agricultural lime 
usc and soil N20 emissions were added, and soybean o il 
transport was omitted. Lime contributed about 50% of the 
total GHG emissions from soybean agriculture. The GHG 
emission from lime usc was about 2 .5 times higher than 
that of diesel usc, the second highest contributor of GHG 
emissions from agricultural inputs. The emission from soil 
N 20 was about 18.0% of total emissions from agricultural 
and 6.7% of the total biodiesel life cycle GHG emissions. 
Therefore, it was concluded that soi l N20 emissions are 
s ignificant and cannot be neglected. The impacts of o il 
transport were excluded from the base case in this s tudy 
because most biodiesel plams are co-located with oil crush
ing facilities. The analysis revealed that G HG emission 
from oil transport of 100 km was equivalent to only 1% of 
the GHG emission from transesterification. Therefore, the 
GHG emission from oi l transport for short distances could 
be neglected without causing much error in the final result. 

Because soybean oil prices bad a strong positive correla
tion with meal prices. it was argued that both meal and oi l 
prices arc responsible for shifting the equilibrium of soy
bean demand. Holding only soybean oil responsible for 
land use changes, wi th the assumption that soybean meal 
price does not change or decrease because of increased 
meal supply, was found to be erroneous. When the emis
sions associated with land use change (direct and indirect) 
were incorporated into the base case results, the net GHG 
reduction from biodicscl usc was found to be 76.4% less 
than the emissions for 2005 basel ine diesel. 

55(6): 2257-2264 
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Plant Summary 

DRAFT Staff Summary: 

Mixed Feedstock for Renewable Diesel 

Method 28 Pathway 

Diamond Green Diesel 

Diamond Green Diesel (DGD) has submitted a Method 2B application for the production 
of mixed-feedstock renewable diesel (RD) at its St. Charles, Louisiana plant. The 
St. Charles plant, which is currently under construction, will be capable of producing 
420,000 gallons of RD per day. DGD expects the plant to begin producing RD from the 
following seven feedstocks in early 2013: Midwestern soy oil, Midwestern corn oil , 
Midwestern used cooking oi l (cooking required), Midwestern used cooking oil (no 
cooking), U.S. animal fat (higher energy), and U.S. animal fat (lower energy). All seven 
of DGD's pathways are modified versions of existing LCFS RD or biodiesel pathways. 
All are modeled as UOP Econofining Processes and utilize the default RD process 
energy consumption values found in CA-GREET 1.8b. Those process energy defaults 
are summarized in Table 1 below. All individual feedstocks present in the feedstock 
mixtures to be run at the St. Charles plant will be tracked by an inventory management 
system that is integrated into the plant's accounting system. The carbon intensity of all 
gallons of RD produced will be labeled with the Cl of individual feedstocks, in keeping 
with the mixed-feedstock bio-and renewable diesel guidance published by ARB 1 • 

able 1: T E nergy for Renewable Diesel Process from CA-GREET model 

Process Energy Electricity and Thermal 
Feedstock Energy Shares 

Input (Btu/lb) 
(%Electric/% Thermal) 

Soy Oil 
1,851 Corn Oil 

Used Cooking Oil (UCO) 
61.4% I 38.6% 

Tallow 2,175 

Operating Conditions 

Method 2 applications covering operating plants must base Cl calculations on 
operational data covering two years, whenever possible. Because the DGD application 
covers a plant that is not yet operational , DGD will submit energy consumption data for 
the first two years of operation. Data submission will occur no less frequently than 
annually. If the data submitted indicates that any of DGD's actual production Cis are 
significantly higher than its approved LCFS pathway Cis, those Cis will be adjusted to 
better reflect actual operating conditions. 

1 Air Resources Board, December 3, 2012. "Mixed-Feedstock Bio- and Renewable Diesel Guidance." 
http://www.arb.ca.gov/fuels/lcfs/2a2b/2a-2b-apps.htm. 

Page 1 of4 

ED_000313_0365_00002633 



As a condition of approval, DGD agrees to make all approved pathway Cis available via 
the LCFS Method 1 Lookup Tables to other RD producers whose production pathways 
are accurately described by the approved pathways developed in the DGD application. 

Carbon Intensity of the Fuel Produced 

Because all of DGD's pathway Cis are either higher than the corresponding reference 
pathways in the LCFS Method 1 Lookup table, or modified versions of LCFS renewable 
diesel pathways, its application falls under the Method 28 provisions of the LCFS. 
Method 28 applications are not subject to the substantiality requirements with which 
Method 2A applications must comply (a minimum improvement of five gC02e/MJ, and a 
minimum production volume of ten million gallons per year). 

The proposed DGD pathway Cis are summarized in Table 2. 
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Table 2: Proposed Lookup Table Entry 

Carbon Intensity in gC02e/MJ 
(Including Indirect Effects) 

Pathway Pathway Fuel 
Identifier Description Land Use or 

Direct 
Emission 

Other Indirect Total 
Effect 

Conversion of 
RNWD Midwest soybean to 

21.70 62 83.70 
010 renewable diesel 

(rail transport) 

Conversion of 

RNWD 
Midwest soybean to 

011 soy oil to renewable 21.48 62 83.48 
diesel (ship 
transport) 

Renewable diesel 

RNWD from Midwest com 

012 
oil produced from 6.00 0 6 .00 
Dry DGS (rail 
transport) 

Renewable diesel 

RNWD 
from Midwest corn 

013 
oil produced from 5 .56 0 5 .56 
Dry DGS (ship 
transport) 

Renewable Conversion of 
Diesel waste oils (Used 

Cooking Oil) from 
RNWD Midwest to 18.40 0 18.40 

016 renewable diesel 
where "cooking" is 
required (rail 
transport) 
Conversion of 
waste oils (Used 
Cooking Oil) from 

RNWD Midwest to 18.18 0 18.18 
017 renewable diesel 

where "cooking" is 
required (ship 
transport) 
Conversion of 
waste oils (Used 
Cooking Oil) from 

RNWD Midwest to 13.85 0 13.85 
018 renewable diesel 

where "cooking" is 
not required (rail 
transport) 
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Fuel 
Pathway Pathway Carbon Intensity in gC02e/MJ 
Identifier Description (Including Indirect Effects) 

Conversion of 
waste oils (Used 
Cooking Oil) from 

RNWD Midwest to 13.63 0 13.63 
019 renewable diesel 

where "cooking" is 
not required (ship 
transport) 
Conversion of U.S. 
tallow to renewable 

RNWD diesel using higher 40.34 0 40.34 
020 energy use for 

rendering (rail 
transport) 

Conversion of U.S. 
tallow to renewable 

RNWD diesel using higher 40.12 0 40.12 
021 energy use for 

rendering (ship 
transport) 
Conversion of U.S. 
tallow to renewable 

RNWD diesel using lower 
19.91 0 19.91 

022 energy use for 
rendering (rail 
transport) 

Conversion of U.S. 
tallow to renewable 

RNWD diesel using lower 19.70 0 19.70 
023 energy use for 

rendering (ship 
transport) 

Staff Analysis and Recommendation 

Staff has reviewed DGD's application, and finds the following: 

Staff has replicated , using the CA-GREET spreadsheet, the carbon intensity 
values calculated by DGD; and 

Staff has confirmed that the energy consumption values used in the DGD 
application are theCA-GREET 1.8b defaults 

On the basis of these findings, staff recommends that DGD's Method 28 pathways be 
approved for use in DGD's mixed-feedstock RD plant. 
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Biodiesel Profitability 

Overview and Assumptions - Overview of the model, assumptions and data sources. 

Economic Facility Model - The economic model that computes the monthly costs, revenue and profit (loss). 

Tables: 
Costs and Returns - Monthly Results per Gallon of Biodiesel 
Costs and Returns - Monthly Results per Pound of Soybean Oil 

Charts: 
Input and Output Prices - Monthly biodiesel and glycerine prices -- 2007 to present. 
Biodiesel Revenue - Monthly biodiesel and glycerine revenue - 2007 to present 
Biodiesel Costs - Monthly cost to produce biodiesel per gallon (total and divided by category)- 2007 to present. 
Biodiesel Revenue. Costs and Profits - Monthly costs and returns per gallon - 2007 to present. 
Return on Equity- Monthly percent return on equity -- 2007 to present. 
Breakeven Purchase Cost for Soybean oil and Sale Price for Biodiesel - Monthly prices facility can pay for soybean oil and receive 

for biodiesel just to cover costs -- 2007 to present. 
Biodiesel Revenue. Variable Costs and Profits - Monthly variable costs and returns per gallon- 2007 to present. 

Ag Marketing Resource Center, Biodiesel Profitabil ity 
Authors Don Horstrand (dhof@iastate.edul IOWA STATE UNIVERSITY 
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Next update: 12/15/2013 
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biodiesel 
(billion 

gallons) 
Feedstock Usage 

(22M data) 

1.7soy 

1.7corn oil 

1.7used cooking oil 

1. 7 other recycled grease 

1. 7 animal fat 

1. 7 renewable diesel 

1.7canola 

1.7 

1.7 

1.7soy 

1.7corn oil 

1. 7 used cooking oil 

1. 7 other recycled grease 

1. 7 animal fat 

1. 7 renewable diesel 

1.7canola 

1.7 

green = inputs can be changed 

inputs from reference material 

calculated by table 

2013 feedstock % 
of industry 

production (22M 
data) LCA Source 

48% USEPA 2010 

10%USEPA 2010 

8% USEPA 2010 

3% USEPA 2010 

11%USEPA 2010 

15%USEPA 2010 

5% USEPA 2010 

USEPA 2010 weighted 
by 2013 industry 

1 00% production 

USDA/Idaho 2012 

48% USDA/Idaho 2012 

1 0% CARS 2011 

8%USEPA 2010 

3% US EPA 2010 

11%USEPA 2010 

15%CARB 2011 

5%USEPA 2010 

best available data 
weighted by 2013 
industry production 

Feedstock 
% GHG reduction (LCA category) 

57.0%soy 

86.0%waste grease 

86.0%waste grease 

86.0%waste grease 

86.0%waste grease 

86.0%waste grease 

50.5% canol a 

70.3%2013 industry 

76.4%soy 

77.9%soy 

95.8% corn oil · 

86.9%waste grease 

86.9%waste grease 

86.9%waste grease 

79.5% tallow RD 

53.7% canola 

80.7%2013 industry 



Diesel Baseline Biodiesel Biodiesel lb GHG reduction in lbs 
emissions Carbon Intensity C02e/125,000 C02e/gallon of GHG reduction in GHG reduction in 
gC02e/MJ gC02e/MJ BTU biodiesel billion lbs C02e million tons C02e 

89.7 38.6 11 .2 14.1 23.9 11.9 

89.7 12.6 3.7 21.2 36.0 18.0 

89.7 12.6 3.7 

89.7 12.6 3.7 

89.7 12.6 3.7 

89.7 12.6 3.7 

89.7 44.4 12.9 12.5 21.2 10.6 

89.7 26.6 7.7 17.3 29.5 14.7 

89.7 21.2 6.2 18.8 32.0 16.0 

96 21.2 6.2 20.6 35.0 17.5 

96 4.0 1.2 25.3 43.0 21.5 

96 12.6 3.7 22.9 39.0 19.5 

96 12.6 3.7 

96 12.6 3.7 

96 19.7 5.7 21.0 35.7 17.8 
96 44.4 12.9 14.2 24.1 12.1 

96 18.5 5.4 21.3 36.2 18.1 



GHG 
reduction 
in million 

Metric 
tons C02e 

10.8 

16.4 

9.6 

13.4 

14.5 

15.9 

19.5 

17.7 

16.2 

10.9 

16.4 



Feedstock Inputs 
Canola Oil % 12% 11% 5% 
Distillers Corn Oil % 4% 8% 10% 

Feedstock Soybean Oil % 55% 52% 48% 
Breakdown Animal Fats % 16% 13% 11% 

Yellow Grease % 9% 9% 11% 
Renewable Diesel % 4% 8% 15% 

Canola Oil cents/pound 61 .0 61.2 56.2 
Distillers Corn Oil cents/pound 43.6 38.0 34.6 

Cost of Feedstocks Soybean Oil cents/pound 54.1 51 .7 47.9 
Animal Fats cents/pound 47.1 42.5 38.6 
Yellow Grease cents/pound 43.1 37.3 34.5 
Renewable Diesel cents/pound 45.1 39.9 35.6 

Required amount of feedstock lb/gallon 7.5 7.5 7.5 

Average Price of Feedstock $/lb $0.52 $0.49 $ 0.43 
Cost of Feedstock per Gallon $/Gallon $3.90 $3.66 $3.20 

Carbon Content Inputs 
Canola Oil % 53% 53% 54% 
Distillers Corn Oil % 96% 96% 96% 

Carbon Reduction Soybean Oil % 78% 78% 78% 
by Percent Animal Fats % 87% 87% 87% 

Yellow Grease % 87% 87% 87% 
Renewable Diesel % 79% 79% 80% 

Diesel Carbon Intensity gC02e/MJ 94.43 95.21 96.00 

Canola Oil lb C02e I gal 13.8 14.0 14.2 
Distillers Corn Oil lb C02e I gal 24.9 25.1 25.3 

Carbon Reduction Soybean Oil lb C02e I gal 20.2 20.4 20.6 
in C02e Animal Fats lb C02e I gal 22.5 22.7 23.0 

Yellow Grease lb C02e I gal 22.5 22.7 23.0 
Renewable Diesel lb C02e I gal 20.6 20.8 21 .0 

Average Carbon Reduction for Biodiesel lb/gallon 20.2 20.8 21 .3 

Output 
Fixed Cost $/Gallon 
Other Variable Costs $/Gallon 

$/Gallon 
Gallon 

Diesel Price $/Gallon 
Biodiesel cost differential $/Gallon 

ost of Carbon onne 



Conversion Units 
454 grams/pound 

118,296 Btu/gallon of diesel 
0.001055 Btu/MJ 

2,205 Pounds/metric ton 

Feedstock Inputs 

Sources: Feedstock breakdown values based on EIA data. The 
required amount of feedstock is derived from the EIA's 
breakdown of feedstock conversion 

Carbon Content Inputs 

Sources: Based on EPA estimates, supplemented by an USDA 
study and CARB. 

Output 
Sources: The estimated non-feedstock variable costs and fixed 
costs come from the Iowa State production cost model of a 
standard plant in Iowa producing biodiesel from soybean oil 

Sources: The diesel prices are simple averages of spot price data 
from EIA: Los Angeles, CA Ultra-Low Sulfur CARB Diesel Spot 
Price (Dollars per Gallon) 



Feedstock Inputs 
Canola Oil 
Distillers Corn Oil 

Feedstock Soybean Oil 
Breakdown Animal Fats 

Yellow Grease 
Renewable Diesel 

Canola Oil 
Distillers Corn Oil 

Cost of Feedstocks So~bean Oil 
Ammal Fats 
Yellow Grease 
Renewable Diesel 

Required amount of feedstock 

Average Price of Feedstock 
Cost of Feedstock per Gallon 

Carbon Content Inputs 
Canola Oil 
Distillers Corn Oil 

Carbon Reduction Soybean Oil 
by Percent Animal Fats 

Yellow Grease 
Renewable Diesel 

Diesel Carbon Intensity 

Canola Oil 
Distillers Corn Oil 

Carbon Reduction Soybean Oil 
in C02e Animal Fats 

Yellow Grease 
Renewable Diesel 

Average Carbon Reduction for Biodiesel 

Diesel Price 
Biodiesel cost differential 

ost of Carbon 

% 
% 
% 
% 
% 
% 

cents/pound 
cents/pound 
cents/pound 
cents/pound 
cents/pound 
cents/pound 

lb/gallon 

$/lb 
$/Gallon 

% 
% 
% 
% 
% 
% 

gC02e/MJ 

lb C02e I gal 
lb C02e/ gal 
lb C02e I gal 
lb C02e I gal 
lb C02e I gal 
lb C02e I gal 

lb/gallon 

$/Gallon 
$/Gallon 
/Tonne 

12% 
4% 

55% 
16% 
9% 
4% 

61 .0 
43.6 
54.1 
47.1 
43.1 
45.1 

7.5 

$0.52 

$3.90 

53% 
96% 
78% 
87% 
87% 
79% 

94.43 

13.8 
24.9 
20.2 
22.5 
22.5 
20.6 

20.2 

11% 5% 
8% 10% 

52% 48% 
13% 11% 
9% 11% 
8% 15% 

61.2 56.2 
38.0 34.6 
51 .7 47.9 
42.5 38.6 
37.3 34.5 
39.9 35.6 

7.5 7.5 

$0.49 $ 0.43 

$3.66 $3.20 

53% 54% 
96% 96% 
78% 78% 
87% 87% 
87% 87% 
79% 80% 

95.21 96.00 

14.0 14.2 
25.1 25.3 
20.4 20.6 
22.7 23.0 
22.7 23.0 
20.8 21 .0 

20.8 21 .3 



Conversion Units 
454 grams/pound 

118,296 Btu/gallon of diesel 
0.001055 Btu/MJ 

2,205 Pounds/metric ton 

Feedstock Inputs 

Sources: Feedstock breakdown values based on EIA data. The 
required amount of feedstock is derived from the EIA's 
breakdown of feedstock conversion 

Carbon Content Inputs 

Sources: Based on EPA estimates, supplemented by an USDA 
study and CARB. 

Output 

Sources: The diesel prices are simple averages of spot price data 
from EIA: Los Angeles, CA Ultra-Low Sulfur CARB Diesel Spot 
Price (Dollars per Gallon) 
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Production of Biodiesel from Corn Oil Extraction at at Dry Mill 
Corn Ethanol Plants 

Summary 

ARB staff has developed a California corn oil biodiesel (BD) pathway in which the 
feedstock is produced in Midwestern corn ethanol plants and shipped to 
California for fuel production. The resulting pathway Cl is 4.00 grams of C02-

equivalent greenhouse gas emissions per mega joule of biodiesel produced 
(gC02e/MJ). Although the feedstock transport, biodiesel production, and finished 
fuel transport portions of this pathway are identical to those found in ARB's 
soybean-to-biodiesel pathway, 1 the feedstock production portion has no 
precedent in any other pathway. Calculation of the Cl for that step requires that 
the energy consumption and greenhouse gas (GHG) generation associated with 
the production of corn oil be appropriately allocated between corn ethanol and 
corn oil. 

In order to begin co-producing corn oil , standard dry mill corn ethanol plants need 
only be retrofitted with a centrifuge-based extraction system. This system 
extracts corn oil from the distillers' grains that emerge from the fermentation and 
distillation processes. As such, it has no direct impacts on the production of corn 
ethanol. It does, however, reduce the volume and lipid content of the distillers' 
grains with solubles (DGS) the plant produces. 

The corn oil that is extracted from the DGS stream is an unrefined product that 
has two primary uses: a livestock feed additive and a biodiesel feedstock. This 
document summarizes a California Low Carbon Fuel Standard (LCFS) pathway 
in which corn oil produced at dry mill corn ethanol plants is used to produce 
biodiesel. This pathway does not apply to production processes in which the 
extracted corn oil is used for purposes other than the production of biodiesel for 
use as a transportation fuel. In addition, it is specific to ethanol production 
environments in which all DGS is fully dried. Dry DGS has a moisture content of 
around ten percent. 

ARB staff's estimate of the carbon intensity (CI) of corn oil biodiesel is based on 
information made available by Greenshift Inc.-a company that has 
commercialized a corn oil extraction process. Although Greenshift's is not the 
only available extraction process, more information is publicly available on its 
process than is available on alternative systems. 

Under the Greenshift process, corn oil is removed from the DGS process stream 
through a combination of washing and centrifuging. The extracted corn oil is 
shipped to a biodiesel production plant where it is converted to fatty acid methyl 

1 ARB (2009). Detailed California-Modified GREET Pathway for Conversion of Midwest 
Soybeans to Biodiesel (Fatty Acid Methyl Esters-FAME); version 3.0: 
http://www.arb.ca.gov/ fuels/lcfs/1214091cfs soybean.pdf 
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ester (FAME) biodiesel using a transesterification process-the same process 
that is used to produce biodiesel from soy oil and other oil- and fat-based 
feedstocks. 

The equipment used to extract corn oil at corn ethanol plants consumes both 
thermal and electrical energy. This additional energy consumptions is more than 
offset, however, by energy savings realized during the DGS drying process. 
Energy is saved because the removal of corn oil both reduces the mass of the 
DGS entering the dryers, and improves the efficiency with which that DGS 
transfers heat. Based on information from Greenshift, ARB staff estimates that 
the production of corn oil at an ethanol plant reduces the net energy consumption 
of that plant by about nine percent. These savings would be realized only when 
all DGS is fully dried. 

At dry mill plants that produce both ethanol and corn oil , the primary product is 
ethanol. Staff has no reason to believe that com oil will ever replace ethanol as 
the primary product at such plants. Since corn oil production is incremental and 
secondary to ethanol production, staff has concluded that no portion of the GHG 
gas emissions associated with the production of ethanol should be allocated to 
corn oil biodiesel. Because corn oil extraction equipment can be installed in 
existing corn ethanol plants, ARB staff believes that the carbon intensity of corn 
oil should be calculated as a marginal, or incremental, carbon intensity, 
consisting only the additional energy requirements and savings that occur as a 
result of operating corn oil extraction equipment. 

Staff is confident that corn oil biodiesel produced according to the pathway 
summarized above would have a carbon intensity of 4.00 gC~e/MJ. For that 
reason, staff recommends that the Executive Officer approve that pathway. 

Page 2 of2 
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December 2013 

Biodiesel Highlights and Background, Data for October 2013 

Highlights 

Production - U.S. production of biodiesel was 132 million gallons in October 2013. 8iodiesel 
production during October 2013 was about 5 million gallons higher than production in 
September 2013. 8iodiesel production from the Midwest region (Petroleum Administration for 
Defense District 2) was 67% of the U.S. total. Production came from 112 biodiesel plants with 
capacity of 2.2 billion gallons per year. 

Sales- Producer sales of biodiesel during October 2013 included 92 million gallons sold as 

8100 (100% biodiesel) and an additional 41 million gallons of 8100 sold in biodiesel blends with 
diesel fuel derived from petroleum. 

Feedstocks -There were a total of 1 ,009 million pounds of feedstocks used to produce 

biodiesel in October 2013. Soybean oil remained the largest biodiesel feedstock during October 
2013 with 551 million pounds consumed. 

Background 

The Monthly 8iodiesel Production Report provides data on operations of the U.S. biodiesel 
industry as part of EIA's response to section 1508 of the Energy Policy Act of 2005 which 
directed EIA to publish information on renewable fuels including biodiesel. Data are provided 

for the U.S. and in selected cases by state and region. 

The source of data is Form EIA-22M Monthly 8iodiesel Production Survey, used to collect the 
following information from registered producers of biodiesel. 

• plant location, operating status, and annual production capacity 
• production of 100% biodiesel (8100) 
• biodiesel coproduct production 
• stocks 
• feedstock, alcohol input, and catalysts used in biodiesel production 
• sales of 8100 and blended biodiesel from producing plants 
• sales of biodiesel to end-users 

Form EIA-22M provides data necessary to monitor growth of the biodiesel industry in order to 
allow Congress to assess whether objectives of Section 503 of the Energy Policy Act of 1992 
and Section 1508 of the Energy Policy Act of 2005 are being achieved. 

U.S. Energy Information Administration 1 Monthly Blodlesel Production Report 
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Table 1. U.S. Biodiesel Production Capacity and Production 
(million gallons) 

Period Annual Production Capacity I 
2011 

January . ............... • • . • • • .•......• -~:~.1~ ___ . 
F':bruary ____ ............................................. ~~~~~ ......••.•. 

Monthly 8100 Production 

35 
40 

March ................. _ •.• 2,081 ------· _____ ?~. 

~~~~--------- ·····························------------3-!~----·····-------· ··-·--·-------?! ___ , 
- ___ 3:~~-- 77 .. .. ------~----

81 

May 
June 
July 

........... ~~~~-- .... .. ................ ... ---------- ---· -
1,958 92 ------------. -

~~-I!_USt ••••••••••.• --···················-······· ••• -··-~:~~~----·-•··· ········•·•····-···-·-·--·95 .... . 
~-~pte~~-~~ ··---------------·····-···-······--·--······---~:~~?. __ -----·-····-------------·----------~? ..... . 
October 2,119 105 

~ive~b~T:~~~:::~::::::::::::::::: ~::: :: ::~:·::: .. ~-: ·: .:: ~~~?~~:~: :: ~:::::::::::: :::~ :=: :=:::=:.:=:::~?~~=· 
~~-c-~~~~:.. ____________________________________________ _3~~~~---··················--·-·-·-----------~~-~---- -
Total 967 

2012 

~anuary_ • .. __ . ..•...•• .. .• . ... ~:~.!l] _ ..... . . . _ . __________ ?':._ _ 
F~b:uary_ ................................. ···-··· ---~:~~~--------· ......... ·--··-- ·-··-----?~ .... .. 
March ... _ • .......... ••.• •.• • . ••• _ ........ ~:!~~-- _ ... . . . _ . ----· _ ·------~~-- . 
~P!il ---- -------------------·-----------···-···-·----3:!~~--- ........................ -···-···-··--?~-----
!VIay ... ___ .. _ ........................ _ .. __ ---~:~~~--- _ -· ----- .... ---·---· .• __ 1_9_~---· 
June __ ................................. - ................ ~:!?..~.. ... . .. .. ......... -·--·-·-------~? .... .. 
July .. .. ...................................... ------~~!-~~-- ............. _ -----------~~ --
~~ll_~S~-- ...................................................... ~:.!?..~ ........... -· ......... _ .. _____ ·--?~ .. --
September 2,165 82 
ociobe-~ ..... .................. ........ - ..... - ""i:i6i'''"'"•"''-·--------- ------------·--;-s·--
Novembe·r::·=:·:::·=:~:-····----··············-~:-·:-~:::~;~~~:·::--··--····-···---·-·-::·=:=~:~-57"""-

Oecem~~---------·················--·--·················~:9.~~- -·····--··········---···-···-···-····??.... •... Total 991 

2013 

Janu_a_r_y_ .............. --- ---·- ·- ... ---·-------~:~~? ... _ _ ..... ··- 66 .. ··--·-·-.. --~-·-··-·-~--
Feb:.~~!Y .......... __ ·-----··-- .. . • •••••••••.•••• 3:9?..~----· __ 68 
March 2,160 98 
"''""' "" •• •• •w•••••••••-.............. ..,.., -•-• ••• •• • .................. _ _._ ... ___ .... _ ... _ .. _ - -- .. -.. ....... .......... ------ ___ ,...... ............. -.. 
~~ri~---··········-···--··-·---- .. . ..... ~. ··---~~!~-------- ··--····-- -··· -----------~~~--
May 2,165 111 .. ·-~·-··--·--.- -·-------~-· 

June ...... ··-------------- ___ . •• ·-· ··-----------~~!~~-------- _ ··-···- -----------~~-~- __ 
!u_ly _ ...................................... _ ..... ~:;~---- ·-- --· .. • • •• . . .•• --··----~~~- •• 
A'!gust ............................... _ ...... __ • _ ---~:;~--- _ .. _ . ····-·····-----··--···-~?-~ .... . 

2,153 Sep_te~~:!
October 

-- ........................... -...... -. ............................. --·- ----··-· 

10 Month Total ------
.. - -- -------
2012 10 Month Total 
201110 M'iiniii foial 

.. = Not Applicable 
R = Revised 

2,190 
127 .................... ··-··-··- ···-- ---- .. ----
132 

874 
753 

Totals may not equal the sum of components due to independent rounding. 
8100 is the industry designation for pure biodiesel; a biodiesel blend contains both pure biodiesel 
and petroleum diesel fuel. 

Source: U.S. Energy Information Administration, Form EIA-22M "Monthly Biodiesel Production Survey" 
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Table 2. U.S. Biodiesel Production, Sales, and Stocks 
(million gallons) 

Period 8100 Production Sales of 8100 

2011 

Sales of B100 
Ending Stocks of 8100 Stock 

Included in 

Biodiesel Blends 
8100 Change 

J~~~~~Y •.•.. -·--·-··-----· ---------~_5 ______ ----------~? ..... ............... 9 __ ······-···-··-·!? .... ___________ 3 __ _ 
-~~~r.~~-'X- •....•...•.. ·- ········--~~-- ...•.. ··---···-~? ... ··········· · ···-~-~----·· ··-· ...... ~2. ______________ ] __ _ 
March 60 41 17 19 2 --·-----· ----~--------·-·- .... _ .. ___ ,., ____ .., .............. , .... ..., ............. ~--·-····· .................................... -......................................... -......... _ ..... _ .. , ... _...._ 
~pril ..•.... ··-··-···. . 71 47 22 21 2 

-~~Y.. ••••••. ····--- ··········-···-----?!.. -·- · - -------·--~~---·····-··-·-----~!_ __________________ _ _3~---------------_3 __ 
}Y~.e: ••.•. -·······--· --·--------------~.1 .... - -····------·6? .•.• ·-·· ...•.•.•• .3..~--- ... ------------~~ --------------~1. .... 
}.~~'(_ ------ - ------·---··· ·- · ··----~2 __ · ··-------·-·····-~~-- ···--····--·-·--· ~-~ - ............. -~~---·-·-----------3 ____ _ 
-~~~-s-~-... --. -----·-----· ·--· ------? .?... -.. --· .. --···. --· -~~-----·-.. ··-·--.. ~~ ..................... ~.? __ -------------_3 ____ _ 
~~P-~e_n:o_~~!.... 96 68 37 21 (4) __ 
October 105 69 36 25 4 --- -------------------------------- ................. -.......................... --.. ............................................... _ ........................................ _ .. ___ .. __ .... __ .... ______ .__ ... .. 
November 105 66 39 26 1 .... __ .. ----·-·-··-------"-------------....... -. --------........................... .............................................. ----- ........................................... --.......... _ ... ----------· 
~~~~!:1-~~-~-------·-············------1-~?. ..... __________ ~? ___________________ ?_~---·--------·------!~----- --------J.~L-
Total 967 641 339 1 

2012 

J-~~~~!:Y... . ·········----?~ ---··-······ ...... :!? .............. J~.. 26 12 

!'..~~!.~~-':\:: •...... ····- ·-···-·----·--·?~------·------··-· -~? .. ·-··-···········-~-~---···--·-·····--·~_3. ____________ ] ___ _ 
March 95 75 17 36 2 ------------.............. ·- ............ ··--~ --------------------- -.... ----------- .... .. ........ ..... "• ····-·-~-............................. --· -----·----.... ·---
~pri~- ·-·-·--····-··--·-·····---·~~ ---········· 68 _ ··--··----~-~ ---· ·-· ··-·-····· ~!?_ ------------·--·_? __ _ 
-~~.Y •...•... _. _____ ••••• -·-·· -· _ __1_~3. ..............•... '!.? ............. -· -~-~ ---·--· · -·······---~?.. ........ ________ t~l. __ 
J_~!:'.':.............. •. . ---·-···- ---~?-....... ....... ~~---····-· -··· 19 31 (6) 

_J_~~'t..... .... ··········-----------~~--------···· ..•. !3. -- ---······· ___ j~:::::::::.:::~::::xf:::::::==·:=::::~L:= 
~-~~~-s~-- . ..... -··------------- -~~---···· ·-······ 73 ·······--- ~-~---····-··· · -·-·- ·]~ ......... ___________ 1 _____ _ 

~~P.~~m-~~-'---· ··-----------····-·~~ --- ............ .... 6? ... ··-· .. ......... 1 ~ ... __ .. .......... ···-~-~ ... ___ -----·--·-·_3··-·· 
October 75 62 12 33 1 ... -·-· · ··- ··-·-·. ···--····-- ----~-·--- -·----- ..... 

............. ~3 .................... ~.? __________________ (~L. ... . November 57 ................... .............. ···~ .......... ----------·--- ------ 53 
December 59 44 10 31 5 --r<;i3i··-···---·-···-······--·······--g9i"--·-·-···-----··-·:;6:,--···-------···-···ii"i ______________________________ i6 __ _ 

2013 

January 66 52 15 31 (1) 
·F-e;;;~;;,:y-· -· ----· · ·-· -···· ··· ··· ·-·· ·68---· · · · · ·••·· · · --44 ·-· · · --· ---· · · ·---i-3 · ·-· · ·---· · · ··· · ·--3 3----·-·-----___ i ___ _ 
·Ma.rC:·Ii···-·--·········---··----······-98 ___ ___ -----·-·--·6s·········-·····-····i·9····-··············3s···-···-------2··-

~~0c:==:·=::~·~ :::::::·····:::·:~§~~::·········-·····::~~: ::~:::·~-::::::::~~=:::::::=:::::::]~:::::··:======~j-== 
~~Y ...... _____ ----------- ~~-1 _______________ -~?. . 4-~---······· . ~!!. ..... __________ .t~L 
June 113 77 36 28 1 

J~~Y ...... ··---- ---·········· ___ 1.~!1. .. .. . --~7·· ·-···-· ·--·-·--- ~-~- -- ----------·--·-]~- ___________ _3 __ _ 
~~~~-s-~---··· . __________ ...... __ ~~~ - ... ...... 91 ________ -----~-~--------·····--···.3.!1. ____________ EL_ 
~~~~.":'-~~! ________________________ ~~?. . 92 37 27 - --- __ !.!1 ... 
C?~t-~~-~~------ ---···-··--·-· · ·-··· _1_~~ -----·····-··-···· _9~.- -··-·-··- 41 26 _______ _!!}._ _ 
_1_~-~on~~-Total __ !,07~- ________ ?58 331 (7) 

2012 10 Month Total 874 -------------------------------------------·---- .. - ---
2011 10 Month Total 753 

•• = Not Applicable 
R = Revi sed 

670 

516 

(s) = Value is less than 0.5 of the table metric, but value is included in any associated total. 

Totals may not equal the sum of components due to independent rounding. 

19 --------
13 

B100 is the industry designat ion for pure biodiesel; a biodiesel blend contains both pure biodiesel and petroleum 

diesel fuel. 
Source: U.S. Energy Information Administration, Form EIA·22M "Monthly Biodiesel Production Survey" 
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Table 3. U.S. Inputs to Biodiesel Production 

(million pounds) 

Feedstock Inputs 
Vegetable Oils Animal Fats 

Period 

Canola Oil I Corn Oil I Cott~~lseed I Palm Oil J Soybean Oil I Other Poultry I Tallow 

2011 

!.~~-~~rx. ____ _________ ---------~--- _________ _}_~-----------------------------~----·-·····---~~-~- ----______ '!'! _______ ~ ____ __}~---
~~~~-~cr. _________ ----------~~------------.!-~ __ --·- _________ .. ___ ':" 15~ - ________ '!'! _______ .!~--------~-~ ---
March 68 14 W 190 W 19 27 -·-·· ---------- ... --............................................ ~ ............................................................................. -.................................. -.. -· ................................. _ .. ____________ .. __ ... _,. ________ ................... ... 
~P.~~ ---····-----·-··-·····-··--!!~ .. ---------·.3-~---·-----------------------':".-----------~~-~--------'!'!-. ______ !.? ______ ~z __ _ 
~ ay ________ . ________ -~ 1~- -----· ________ ~-~ __________________ . __ . ____ . __ ... '!'! ...... ____ .. -~~~----- _____ ___ '!'! ___________ 1_~--_ ______ ]~ ____ _ 
June 75 34 W 311 W 23 49 --------------------·-.. -------···-~-·---·-·-·-···-··-----·· .. ···-··---·--·--·-·---·--.......................................... _ .............. --------··--------....... _ .......... ._ ....... _ ....... .. 
J_~!~----- ___________________ ?.? _____ -------· ~-~-- ···-·· .•• . ··--··- .'!'!.. . ..... ~?? ---- --- ___ '!'! _______ .}_~----- _ _?~---
~.!:~~~~---··················-······~~-----····-···]-~------·······~------------~----------~~-~-----------'!'!__ ____ ...l_~-------]~---
~~~~e!!l~~~ ---··--- • ····---···---~~- ......... 3.~----·---·------V!_ _______________ ':"_ ____________ ~~-~------------'!'! ___________ 3_9 ______ -----~~---
October 69 30 W W 527 W 31 39 
............... ~ -------------------------------------· --- -------------------------- .. ----------- --- ··--------------------------------- ------------
November 84 27 W W 538 W 13 31 .............................................................. -- .. ------------------------------·------------------------------·---------------------------------
December 71 30 W W 592 W 15 27 -- ------- ----------------------------------------· ---------------.. -~ ................ ~----· ................. ----- .... --------------------------------
Total 847 304 W W 4,153 W 240 431 

2012 

!.~~-~~!Y. .. ·--·-····-···-··-·····2~--------------?-~---------·-····················-~---·-········.3..~.~---······-····'!'!--····----~.!! .. __________ ~!! __ _ 
-~~-~~~-~~r_·-·····-·-·-···------~~--------··----·?·~----·-·······-·················'!'! ......... - .. -~~!. .... ______ '!'! ________ ~ ______ .3E __ _ 
March 117 54 W 388 W 11 24 - - -------------------------------------............................................ ---------- ·------·---·-----------·--------------- ------ ----
-~£~~---------------------··- __ 1_~? ............... .?.~---------------------________ ':"_ ________ .--~?..~----------· ·--~------_)_~------- ----~~----
~~:c... _. ·····-·-------·----~? _______________ ?_~ ________ ..•.•.... .. .•...•..••. ':". .. ·------ - --~~-~------···---·--'!'!----------~~---------?E __ _ 
June 103 55 W 369 W 14 28 ---------· .............................................. ______ ._ _____ -------------- ........... ~ ........................................................................... _ ....... ·--------------------------------
}_~~Y ___ -------·-·- ··----- -------_2~---·-·· --··----~-~- --· -- ·------· ---- --- ----- _':"_ ___________ --~~? ......... --.. '!'!. ____________ "!:_~----·----- ·--~~ ---··· 
August 48 59 W 385 W 21 44 
~~P.~~;;-b~;-····-···:~:~: -~::~~- -~~:··~:~::·~~::3~·:···-·······--·-·-·:::::::·~·::~~---··::~-lf.~=:~:~::~:::.~ -=··==:---19·-····--·-···-49 __ _ 
October 16 59 w 307 w 14 44 
N~~e,;.,b·e;.·- - ------ ·------"is ·-- ···········;is · ------------------------·····w·----- ·· ····i4.6 · -· ··----w--·------··-i1 __________ i_i ___ _ 
·o;;-~~-,;.;~;~ i------·-··· ···· --·-·-·-·-i6. -- ··-·--·-···;;a··-·-····-·······-·--------·--w ----·-------·i73-· ------·-· ·w- -----· ---9---·-·--3- -·· 
-iiM~~ii,· :r ~i~·i··-- ------· ·---;9ii---· ---- ·--- 646·-----··· ··· ·- ---··------·----w----------4.o42-------- ____ iN ____ -----116---------3s-s··-- · 
2013 

!.~':1-~~x _______________ ... .... !.~-----·- --------~--- ______________________ ...... '!'! .......... ... ~9E ... ______ ··---~----------? ... -·-------~~----
~~~c~arv __________ ·-----·----~? ___ .... . ?~ ---- ___ __________________ ':" ________ ---~?-~----------~---· ___ --~- _________ ~~----
March 39 71 W 424 W 9 53 
---------- --~ .. -----·----~····-··--·---4·~---·---------------------------·-···---·---------.. ----·---.. --.. -- ......... ---·---------.......... _ .. ______ .... ______ _ 
~P.~~------· .... -·-··--- ···--·------~? ______________ ?I ....... ···-·······--......... --- '!'! ......... ----~~-~----·. -·-----··'!'! _________ 1~----·--··--?-~---
-~~x _________________ .. ·--····-w_ ____ ...... ?.~ -----------------------------':". _______ ---~!..~ ___________ ..y ________ 2~--------~---
June W 98 W 461 W 19 54 ............... ·• ...... .... .............. ______ ....._ --·-·-----· ------------·--·--- .. -------· ~--................ ___ -............................... , ....... ________ .......... __ .. ___________________ _ 
!.~~~---·--···········-·····---··-····'!'!. .............. ~!!. .. __________________________ ~~----- - -· -. ~?-~-----·--_3 _______ ......}!_ ________ ~~--
~~_u~~----··---·-········ --·-·· ---~~- ·-··-·-··-· -~~-~. ··--·· ·- --·----. --··------- .. '!'!. -- --· ________ s !.~- -----·--· ..... .3 ______ ---.. ~!.-...... -----~~ -----
s~ptembe_r • - w . ---·------~-~----·--··------·- --------------~3- - ________ 59_~ ___________ _3 ________ ~-----------_:;~ ----
October 82 85 100 551 W 13 23 
-· ............. -. • ...... -- ......... - ------ -- ... ------------------ .......................................................... ••+ ------------------- ... -----------·-------------------

10 Month Total 488 846 476 4,342 31 139 433 

2012 10 M onth Total 756 
·zi:ii n o-M"ciiiill"Toial·--------69i _______ _ 

- = No data reported. 
R =Revised 

547 
248 

W = Withheld to avoid disclosure of individual company data. 

w 3,524 
----·3.oi3·-

(s) =Value is less than 0.5 of the table metric, but va lue is included in any associated total. 
Tota ls may not equal the sum of components due to independent rounding. 

w 156 360 -------w··------2ii ________ 371 ___ _ 

Source: U.S. Energy Information Administration, Form EIA-22M "Monthly Biodiesel Production Survey•• 
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Table 3a. Inputs to Biodiesel Production (continuation of table 3) 

(million pounds) 

Feedstock Inputs 

Period Animal Fats Recycled Feeds 

White I Yellow 

I Other Other 
Grease Grease 

2011 

Other Inputs 

Algae Other Alcohol Catalysts 

!.~~-~~!X .......................... ?.! ................ ~ .. · ·- ---------~~---·-······ ·---~~--- ··· ·· · ····-········-····- !.··--·-·······3..~- - -·--·-····-~------
~~~~~!~L-.. ·-··········--··--~~---···-· .. .L . 19 ••. ····---~~----·-···- _ -·····--- ----~ _______ 3..~--------~---
March 60 12 33 10 7 34 5 -----... -------... -----~-------·-.... ·--·--·~ .......... -.................. --.............. _____________________________________________________________________ _ 
~£~~---·----·-···················?? ................ ~ ............... ~? ______________ ~! ...... _____ : ______________ j~--------~~----1---
~~y. . .. ······· ·-····?7 ............... ~g ···········--~~---···········-~? ...........•............... J~--------------~~---············-~- .. 
June 55 7 SO 18 1 58 9 ----- - -------------· ............ - .............................. -............. ____________________________________________________________ ··-----------------
J_~~~--- -······· ·······-···· "-~---·--- 6 . -~5 .... . . .. 3..~----· .. ......... ·········-·2 -------~2....... .. __ :! ---
A!:_!J.U.~~---·-···· ..•..•.•.•.•.•.• ~~- --·······-··-~~----·-···---~? ............ --~~---···-·-·······-·--··-··-5 ______ 6~ ____ ..:! __ _ 
S_!!~t~_:!l~~~---··· ••.• ···---~~---···········-~·-············-~~-- ............ ~~---·· ·· ......... • ....•...•. .J~l··-·········--~~---···········--? .... . 
<?~~o~~! ... _ .. ...... __ .......... !.:! .. _______ ....... ?. ......... 4_ ~--· ........... ~!.... ... . . . .. ... . . . .... J~L .. _____ ?.!.. ......... ---~g__ . 
-~~':'!~~-~:·--··· ··---- ----· --~~---·· · ··········~---··········Y.? ......... ____ !:.~- ------------·-·-···-·····J~-----~! ____ _!~---
~-.::~~~~~~ . ··-················!:.? ____________ ?....... 35 •.••..• . ~g···-···············----·--J~-------~~---·--···~---
12 Month Total 533 85 471 195 27 626 94 

2012 

!.~~-~?!X ..... ____________________ ~? .... - ......... ~---·····----~? ............... ~~---·························· .J~-------~~--------~---
-~~-~~~-~~---········ ---····-····-~---·---·------·~----·····--··-~~---·········· ?:~---···-·-········-·-······---------~?__-----~--
March ............ ----~~----··---··· ·---~ . • 61 ......... ~! .. ···-······----·····--·····_(~----------~~----·-······J .... .. 
-~£~~------- · .... ··- ········-~~----···-·····-· .?·······-····-~~----· ····-- --~~----·-···············-----····--------E.~---------~----
~Y~ay ......... ········· ·····---~~-----------· __ s ______ • ·---~~---·· ··-----~? ___________________________________ ~~---····-···-1_0_ 
June 39 4 64 27 57 10 ---------- ------....................................... ________________________________ .,_ ............................................... _~ ........... ..._ .... __ ... ___________ ~--------------------
J_~~y ······--·-·· ....... ____ •••• 3~----···------ --~-----· -·····--_65 ______________ _2_? __ ............................. Js)_ _________ ~? ______________ 9 ___ _ 
~~-~~-~-... -· ... - ....... ---·-.. --~~ .............. --~----· ....... !. 9 _____ ....... --~~ .................. -·-· _____ __(~-______ ?. ~---------1_9_- --
September 33 4 65 25 50 9 

'?~~~?-~~----·····-· -·········--. - ~1- ..•. ······-··-~---····-···· ~~ ........... ~.9 __ . ....... ··--···· ____ j~----------~~------------? ___ _ 
November 28 4 36 23 39 7 

December 35 2 45 ............................. ______________ ............ .._ .... ~----- -------- ................... .. ......... 3~--. ············· .............. J~----···· --~!!_ _________ ? __ --
12 Month Total 408 48 670 289 1 607 105 

2013 

!.~~-~~!X ......... ··-·······-----~~------········-~----····· .... ~? .............. f.~-------····-····---------] __ ___ 5~-------!. __ 
!:~_b_t:~-~~ ···-· .... ·····-····--·~~----·-----~ -. --·· ... ?-~---········--- ~~------·······-----···-····J~-------~7 __________ .] ___ 
~?!~~----· ·········-·············· 36 ... ----------~---········---~~-- ...•...... -~? ________________________ j~) __________ y~ ______ _!9 ..... 
~_P-ri! _ _______ ········-·········::~---············-~---··-·······!.? ...... ----·-·-~~---···-·--·····--·······---·~----··-.?.<?.. _______ _!1 __ 
M ay 41 w 88 20 w 78 12 

June 41 4 93 26 W 77 12 ____________ .... --··-----------------·····---------- -----·-------·-----------· ·----· ----------· ------------·-----.. ----- ----------------- --
J_~~y ...•• ----.-... ---.---.. - ..... - _4_~. --... - ·---. --~------· ..•..•. ~ ? .............. A~-................. ····-···-·· .. ~ ---·-··-----~~----------~~ .. ---
-~~~~-~---·-· ..... -· ··········-· ---"-~ ·········- ----~---·········--?.~---- · ......... 2.! ... ······· .... ·-·--··· · ···---~---------~? ______ _E __ 
~~~te'"!l_b!!L ....• ··--·-· ...••••• .?..~ ··-· -------~- ···-· ..... !£?. ·-· _. ···----~~ ............. ······--------~ ·-··--·---~?_ ··-··----1~- .•••. 
October 36 81 w 81 13 ... - .. 1 

23 
. ·- -------- 27 

237 
-----· ----- -- ---~--------------- ---

10 Month Total 387 806 38 734 111 

-~~-;~.}-~~-~~-~~-!~!~L------~~~-----·-·---~~------------~~! .......... --~~~-------·-········-······--·-L---·--.?~~-------~~---
201110 Month Total 

- = No data report ed. 

R =Revised 

472 74 397 

W = Withheld to avoid discloaure of individual company data 

156 

(s} =Value is less than 0.5 of the table metric, but value is included in any associated total. 

Totals may not equal the sum of components due to independent rounding. 

27 

Source: U.S. Energy Information Administration, Form EIA-22M "Monthly Biodiesel Production Survey" 
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Table 4. Biodiesel Producers and Production Capacity by State, October 2013 

State Number of Producers 
Annual Production Capacity 

(million gallons per year) 

Alabama 3 47 ........... ~ ~~ ........... ~ .... ~ .................................................................................................... ~ ........................... - ·-· ................... _ .. _ ----- .................... -
Ala ska 

Arizona 1 2 
•••a•.,oo••••••-•••-•• .. ,.,.,.,.,..,..,. .. ,.,..,,.,..,..,..,..,,.,.,.,.,.., .. ,.,..,..,.,.,.,.,..,.,."'"'"'••••••••••-••••••••••••••-•-•-••••oo-••• .... ••••••••..-•••-•••-•••-•-•••• 

Arkansas 3 85 
c.ii;rc;;~;;;·······---------------------------------------- -····---··9······················-·-·····-------···-·---·------&i. 
Colorado 
Connecticut 3 13 
Delaware ------- ... --·-·---- ----·---- -·-------
District of Columbia 

Florida 

~~~~~!~---·· ·· ·· ····· ··· ·· ···· ·· ················· .................. ?. .... ···············-···-····---·····-···-········!.~ . 
Hawaii 1 5 ----···· -·-·······-· .... ···-······ ... -----·---· ---------------------··--·------------·-----------------------·-
Idaho 1 -- ------- -- --------------------······ ---------·-------...... ~----------··---~----- ----------·-------·----------
Illinois 5 167 
Indiana 104 
---------~-----------------------· .................................................................... -.... -.............................. _. ..... -..... - ... - .... --·------
Iowa 9 280 

bnsas 1 
.............. ---·--- -- ... --- ........ --------···--------··-------------------------------------------------- ----------
~.~~!~~~---·--······ ········---·· 5 . ···············-············· .... ... 68 
Louisiana 12 
Maine 

~:~~~~~~:~:::::::::::::::::::::=:::::::::::::::::::::::::::::::::::::=:::::::::::::=:=:==:::=:==:::===::=:=:::= 
!'1.3_~~~-c-~~-~~~~~~------- ··· ······················ ····················1· ····················-···-····-··--···-···---·-···.}·· 
~j:_~i-~~!1 ................................•••.......•••..••...•..••.• ? ......... _________________________________ !_~ _ 
Minnesota 4 107 ------------·-·- - .... ----- -- -- ··-------------------------------
!'1]~~!~~!PRi ____ ____ . .... 3 105 

!'1!~~~!! .................................. -~: .. ~_::::~:=:::::x:::::::::::::::::::=~:=::::::::::=:~::~::::::j~~~ 
Montana 
Ne"biaska·-----································---------------··----------···········-········-········-··--···--·--···· 
Ne-;;.;d".;--··------·------··················--····-------------------··---·····---·······-·-······--··-··-····-·----

~~~·~~~?.s~!!~ .: .. ::.:: ........... :::::·······················:::::.: .. :::=:: .. :::::·~---~·::::~·=:::=:·-···--·--4 · 
New Mexico ........... ------ ...... . 
New York 0 ----·- ----
North Carolina 4 10 
North Dakota 1 85 
ohi~----·············---------··············-······················3·······---.. ------------------·-----·······-· .. r;i· 
okiaho;;;;- --------------··································---i - -------- --------- ----------- ------------·-15 . ..................................................................... _ ........... ____ ..... ________________________________ ..... ____ ... ___________ ,. .... _ ................ __ ........... . 
~~c~~~ ---. .. . ............................. 2... . •..... ..• .... ...... •.. ...• . ..•.• ----~~-
£'.~':~~Y!~~-~~~ ---··················································--~---··········-·····------------------------·-~ 
Rhode Island 1 --- --~-------- .... ............... -----· ·····---------··· .. ----- ---- ··--- -----·-- . ------
South Carolina 2 40 -- ... -............. --··--·-... ........... ------------·-----------·····-·· ··-----------···-·----------..... -- .. 
South Dakota ............................................................................................................ _______________________________________ -··-----·-·---------· 
Tennessee 2 2 
---·-- -----------------------~------------ ---------------------- ................................... _ ...... _. ___ _________ .... _ .................. . 
Texas 13 428 ................................................................... - .......................... _____ ......................... __ .,. ________ .,..,. .............. ,.._ .. ____ .................. _ ... ___ .................... .. 
U~h W 
Vermont 

y_;~~in_i_~-- ..• ___ •. __ 3 9 

~-~~~!".~~?.". __________ ........................ ······-· ........ ?. ...... - --- 104 

~-~~~-~!~~!':!~ ---· -······ ····-··· .... -
Wisconsin 3 29 . ---------- -- ----------------------------------------······--····--·-·--············-------·--···-···------·---·------------
~·~'.Y:?!!'J~~---·································-······················-·······················--·-········-···-···-··--···-··· u.s. Total 112 2,190 

- = No data reported. 
Totals may not equal the sum of components due to independent rounding. 

Number of producers is a count of plants with operable capacity during the report month. 

Source: U.S. Energy Information Administration, Form EIA-22M ""Monthly 8iodiesel Production Survey'" 
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Table 5. Biodiesel (8100) Producti on by Petroleum Administration for Defense District (PADD) 

(million gallons) 

PADD 

Period East Coast Midwest Gulf Coast 
Rocky 

West Coast 
(PADD 1) (PADD2) (PADD3) Mountain (PADD5) 

{PA004) 

2011 

u.s. 

}~~~~:!' .•... .•..•... ---· . ········----~---···············?-~ .................. ········- ---·-- -- -------- -- -- -------------! ··--·--------·~? ____ _ 
-~~ll_~~-'Y. . . ---------------···----- --~-----·--·--·-·····?-~ ------ -----·-· ---~ - --·----····--·--·-·········-· ...... 2: ........... ----~£ ...... . 
March 3 47 6 2 60 -·---------· _________ .. __ -··- ...... -------··· ··- ---------- ·----------------- ·- ___ ........... .. ..... ..... .. ............... ........... ... ... ---- -----------
-~!>.~-- - ... ·----- ·· ------------~---- -------·-?.~ ................. 1£ _______ ···- ---------- ·- ---------- -~---------···-----?_1 .. _ .•. 
-~~Y. .............. -----------------~---------· ......... ?.~ ..................... ~.l. ...... ......... ---------- ...... ....... " ~ - ---------------?! ...... . 
June 4 ~ M 7 U 
··- ---------------·- . ------------ ----- ·--- ··-- ...... ---------------- ____________ _ .. _________ ____________ .. _ ............................. -... ·---·. 
July 5 65 17 5 92 -.-- ...... ---
~~-~~.S.t .................................... ? ................... ?.~ .. -· ........ ~9. ....................... ·-- ---------~ ----·-···--···~-S. ..... . 
-~:P.t_:!:'J~:~-----···-······-····-·-~---··········--·?·~ ---···············~£ ............. _. _______________________ ~---·-·····-··-~_?. ___ _ 
October 7 73 22 4 105 ... - ·· ·------- - ---------- ---- --------------------- ----- ---- ------------------------ --- ----- ·--- ... - ................ ~ ................... -
November 6 71 23 4 105 

December 6 77 23 4 109 ---·--. --------------------------·. -· --------------·-·. ------------------.. -----------------------------------· --------------------
Total 56 695 171 46 967 

2012 

January 5 50 15 (s) 3 74 

i.~~~~:rY.:::::::::::::::::::::::::::::~:::::::::::::::::: ~:( :::::::::~::::::~~:~:::::::::.~:::~I::::::::::::::::::1::=:~:::=:::::?~::::~ 
-~~!~-~---···----············-· ····· ··~--- · ···--------~~ ................. !~ ................ J~J .............. ·-- --~---·----------~---··· 
-~P.ri! ........................... ------~-· ............... ?.~.. ......... ·---~-1..... ... ........... ...... .. .......... -~ ·----------- .... J~-- .. . 
-~ a.x .................................. ?.... -· .... .. .?.~ . ........ . ... 2~ --- ........ ...... ......... • -~ --------· --····---~~~---··--
}.~~!: .... - .......................... --? ..... -···· ....... ?.~ ............ ...... ~! .......... ······ .. _(~) ............. ···----~--. --............ ~?. ..... . 
}.~~~-....... ................... ·····---~-........... ..... ?~ . -- .. ····-...... ~? .................. _(~). .... ············-~---· ·-------.... ~?. ____ _ 
-~~-~_s._t _______ ·-·····················-~---·······--······?·~---···············~? .................. J~l .................. 3 ...................... ~~----
September 6 60 14 (s) 3 82 
·c:;;:t~iie~----------·--·····-------··s·---····-·----·s·4··-··--··-·--·---14--·············--~;.y ··········--·---i -····-----·-····7-s····-· 

_N~v~.'!'-~~-~ ---······----·-------·--·~----·--······- ··· ~-4 ••••••••••••••••• ? .................. J~) ..................... ~------·····--·---~7 ..... .. 
December 5 48 4 1 59 ---····--·--··--------·-····-··· ··--·--···· .... . ...... -- --- ... ·-·.- . -·-·-· ---.---··-·-. ··-· .. ·-..... --· --·. -- ·-·-----------------··----· .. 
Total 62 711 180 4 35 991 

2013 

}~~~~:!' .................. ------· .. --~--------------- -5.2 ____ .................. ?.._ ............. ..<~J. ........ . ...... .. ................ -- -~~--- .. 
~ell_~ll~ry ....................... ~. ...... .... __ 5_~----- ......... !~ ............ __ __(~) ....... ................ ......... ~_!!- .. .. 
~~!~~ -- .. ----····------····· -- ----~-----·--·· ...... ?.~ ................. ?~ ................ JsJ. ................ 2 .................... ~~ -------
-~p-~1 ..•...•. ·--··-····· ..•......• ~ .................. ?.~---··· -··· --··· · --~~ --------····--- ..<~1.. .................... ~--------------~~---
-~~Y. .... - ...................... -· ••.. .?.... .... . ....... ?.~ .................. ~.1 ....... ··--··--. ..<~.l ................ _:g ___ .............. !~.1 ...... . 
:.~~!: ..... ....... -····· .......... ···---~-................ ?~ .-.............. --~~---······-··--· . J~J ......... ··--.... -~--------·-·····~? ..... .. 
J_':JI.Y. ................................. ~ .......... -~-~- ................ ~9 _ ............. .$.~) ..•.. ··············-~--- ............ }2~-----
~~-~~-s_t ............................... ? ... ···-----------~~-----·-----· ..... ~?. .... ........... J~L ................. -~---·······-······~~~-- .. . 
-~~P.~e.!:'J~.e.~ .... ........................ ?..... ... ... 81 ........... ~o ................ J.sJ... ................ .9. ................. ~~.?. ..... . 
October 7 88 27 10 132 

10 Month Total 55 729 225 2 63 1,076 

2012 10 Month Total 56 618 168 3 30 874 
-~-- ---------------------------------------···-····--·····------------------···---------------···--····-·-··-···---·· ....... --.---.... -.. _ ........................ . 
201110 Month Total 43 546 125 38 753 

• = No data reported. 

R =Revised 
(s) = Value is less than 0.5 of the table metric, but va lue is included in any associated total. 

Totals may not equal the sum of components due to independent rounding. 

8100 is the indust ry designation for pure biodiesel; a biodlesel blend contains both pure biodiesel and petroleum diesel fuel. 

See Appendix A for a map of states Included In each PAOD. 

Source: U.S. Energy Information Administration, Form EIA·22M "Monthly Blodiesel Production Survey" 
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